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ES-1

EXECUTIVE SUMMARY
A. - Background

This environmental assessment consists of an evaluation of the ecological and indirect
" human health impacts for the discharge of cuttings contaminated with synthetic-based drilling
fluids (SBFs) with respéct to discharges to water. In addition, this document describes the
environmental characteristics of SBF drilling wastes (e.g., toxicity, bioacchmulation,
biodegradation), the types of anticipated impacts, and the pbllutant modeling results for water
- column concentrations, pore water concentrations, and human health effects via consumption of
affected seafood. ' ' '

The geographic areas considered under this analysis are those where EPA knows SBFs are
currently used and those where EPA projects SBFs will be used as a result of the SBF Effluent
Guidelines. This includes the Gulf.of Mexico and Cook Inlet, Alaska. EPA considered Offshore
* California but industry currently projects that even if SBF controlled discharges are allowed under
effluent guidelines, operators would not discharge SBF-cuttings. Thus, EPA projects that pollutant
loadings will change in the Gulf of Mexico and may chahge in Cook Inlet, Alaska as a result of the
final rule. It is only these two regions that are included in the various environmental impact
analyses of this environmental assessment.

EPA considered three BAT regulatory options for the SBF rule: two controlled discharge’
options and a zero discharge option. While discharge of SBF-cuttings would be allowed under the
discharge options, discharge of SBFs not associated with drill cuttings would not be allowed.
Since zero discharge of neat SBFs is also current industry practice due to the value of SBFs |
recovered and reused, it has no ~incremental enVironméntal" impact. ‘ |

‘In the zeto dlscharge optlon both the SBF~cutt1ngs as well as neat SBF would be prohibited .
 from discharge. Because the zero discharge option results in the absence of discharged pollutants,
the environmental assessment analyses did not require calculations to detnonstrate Zero
env1r0nmental impacts. ‘

For thc purposes of this environmental 'asScssment EPA projected that the only material
effect that the discharge options would have on the SBF-cuttmgs wastestream would be to change
the type of SBF drilling fluid that would be allowed and to reduce the amount of synthetic base
fluid on the drill cuttings from 10.2% to 4.03% for the first discharge option and from 10.2% to
3.82% for the second discharge option. This reduction is based on the performance of the current”
shale shaker technology (10:2% base fluid retention) and the BAT technology. options (4.03% or

EPA_COOK_INKPR 005621



ES-2

3.82% base fluid retention) for those SBF that are acceptable for discharge based on their lower _
sediment toxicity and higher biodegradation rates. The model BAT technology for complying with

 the retention on cuttings limitation consists of cuttings dryer and fines removal units which recover
additional SBF from the SBF-cuttings. For the purpose of this environmental assessment, EPA
does not evaluate the effect of the other proposed limitations, such as the stock base fluid
limitations. |

Thus, for the purpose of this analysis, under the discharge option, the amount of pollutant
discharge is reduced but the types of pollutants are not affected. Also, EPA projects that the
number of wells usiﬁg SBF will increase. In the Gulf of Mexico, EPA projects that under current
requirements 201 SBF wells annually will be drilled in the Guif of Mexico, while under both of
the discharge options 264 SBF wells will be drilled annually. Since all of theianalyses, except for
exposure by way of shrimp consumption, are on a site specific basis, the number of wells
discharging does not affect the conclusions of this environmental assessment. Only the quantity
and types of pollutants (iischarged at a particular site affect the conclusions (except shrimp
consumption analysis). |

The current limit for SBF cuttings generated in Cook Inlet is zero discharge. Zero discharge
is also current industry practice. in that region. However, if operators can demonstrate to the
permitting authority that they can not zero discharge their waste they may apply for permiséion to
discharge. Therefore, for purposes of this environmental assessment, potential impacts from the
two controlled discharge options are presented for Cook Inlet, Alaska.

‘Recent industry information provided to EPA projects that under a SBF cuttings discharge
scenario, some wells currently drilled with WBFs would switch to SBF use due to greater drilling
efficiency of SBFs compared to WBFs. EPA estimated that under either of the discharge options,
less pollutants would be diSGharged compared to baseline current practice because drilling with -

“ SBFs reduces wastiout, resulting in a smaller hole volume. Also, SBF cuttings would be
discharged as opposed to both fluids and cuttings when WBFs are used, Clearly, the lower
pollutant loadingé‘ resulting from SBF versus WBF usage would reduce the environmental impacts
of drilling discharges. However, this environmental assessment does not'quantify the benefit of -
SBF use. Pollutant and non-water quality impact reductions are discussed in the final SBF -

. Development Document. ' R

The atrllount‘ of polluf_ants discharged and impacting the receiving water'depcnd.s on the

“efficiency of the solids control equipment, here expressed as either 10.2%, 4.03% or 3.82%

retention on cuttings, and the volume of cuttings generated from drilling a given well or well
interval. . S ' - -

’
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EPA has adopted the Minerals Management Service (MMS) and industry categorization of
drilling wells according to type of drilling operation, i.e., exploratory or development, and water
depth. Deep water wells are defined as wells that are drilled in water greater than 1,000 feet deep
whereas shallow water wells are drilled in water less than 1,000 feet deep. Using other federal
and state government agency _daté, EPA determined the number of wells drilled annually using
SBFs, OBFs, and water-based drilling fluids (WBFs). ' »

B. Water Quality Assessment

EPA modeled the incremental water column and_pore water concentrations and comparing

them to recommended Federal water quality criteria/toxic values for marine acute, marine chronic,
“and human health protection. Additionally, EPA used the proposed sediment guidelines for
- protection of benthic organisms to assess potential impacts from a group of select metals in pore
water. Note that all of these comparisons are pérfonned only for those pollutants for which EPA
has numeric criteria. Those pollutants include priority and nonconventional pollutants associated
with the drilling fluid barite and with contamination by formation (crude) oil, but do not include
synthetic base fluids themselves. Results of the water quality analyses for the Gulf of Mexico and
Cook Inlet show that there are no exceedances of Federal water quality criteria in either the
current technology (10 2% retention) or the two discharge option (4 03% and 3.82% retention)
scenarios.

Exhibit ES-1 presents a summary of the pore water quality analyses where exceedances are
expressed as multiplied factors of the Federal water quality criteria.- Compared to current
technology, the projected number and magnitude of water quality criteria exceedances decreases
under the discharge options. In the Gulf of Mexico, three of the four model wells (shallow water
~ exploratory, deep water development, and deep water exploratory) fail to meet the sédiment

_ guidelines under the baseline scenario using the current technology (see Table ES-1). Under the-

”  discharge optlons all model wells meet the guideline. For Cook Inlet, Alaska, the deep and
shallow development model wells pass the guidelines under the discharge optlons EPA does not
anticipate that explor atoxy wells will be drilled in Cook Inlet.
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C. Human Health Effects

This portion of the env1ronmental analys1s presents the human health-related risks and risk
reductions (beneﬁts) of baseline using current technology and the discharge regulatory options.
EPA based the health risks and benefits analysis on human ¢ exposure to carcinogenic and
noncarcinogenic contaminants through consumption of affected seafood; specifically,
recreationally-caught finfish and commercially-caught shrimp. EPA used seafood consumption
and lifetime exposure duration assumptions to estimate risks and benefits under the current
technology (10.2% retention) and discharge options (4.03% and 3.82% retention) scenarios for the
two geographic areas where the quantities of SBF-cuttings discharged will be affected by this rule.
The analysis is performed only for those contaminants for which bioconcentration factors, oral
reference doses (RfDs), or oral slope factors for carcinogenic risks have been established. Thus,
the analysis considers contaminants associated with the drilling fluid barite and with
contamination by formation (crude) oil, but does not consider the synthetic base compounds’
themselves.

In order to derive the risks due to consumption of contaminated seafood, EPA first
determined the concentration of contaminants in finfish and:shrimp tissues. Finfish tissue
contamination is affected by the level of contamination of the water column, whereas, shnmp
‘tissue contamination is depcndent on the level of contamination of sediment pore water.

Recreational F infish Fisheries

Exposure of recreational finfish to drilling ﬂuid contaminants occurs through the uptake of
dissolved pollutants found in the water column. The concentration of pollutants in finfish tissue is
used to calculate the risk of noncarcinogenic and carcinogenic (arsenic only) risk from ingéstion of
 recreationally-caught ﬁsh In both baseline and discharge optlon scenarios, the hazard quotients
_ are several orders of magmtude less than 1, so toxic effects are not predicted to occur. Also, the
lifetime excess cancer risks for baselme and the discharge options are less than 10 and are,
therefore, considered by EPA acceptable for either of these scenarios.

Commercial Shrimp Fisheries -

EPA based projected shrimp tissue concentrations of pollutants from SBF discharges on the
uptake of pollutants from sediment pore water. The pore water pollutant concentrations are based
on the assumption of even distribution of the total annual SBF discharge over an area of impact
surrounding the model well. Only shallow water model wells are used in this assessment due to

the limited shrimp harvesting that occurs in water depths greater than 1,000 feet. Health risks for
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commercial shrimp were not performed for the Cook Inlet, Alaska geographic area because shrimp
are not harvested commerc1ally in that area.

Numerically, the hazard quotients and lifetime excess cancer risks decrease by 53 percent
under BAT discharge optlon 1 as compared to baseliné and by 57 percent under BAT discharge
option 2. For both current technology and discharge option, the-hazard quotients are several orders
of magnitude less than 1, so toxic effects are not predicted to occur under either scenario. Also,
all of the lifetime excess cancer risks for both current technology and discharge option are less
than 10 6 and are, therefore, acceptable under either scenario.

C. Toxicity

EPA has reviewed information concerning the determination of toxicity to the receiving
env1romnent of SBFs and SBF base fluids. This information includes data generated for toxicity
requirements imposed on North Sea operators as well as. experimental testing conducted by the oil
and gas industry in the United States. Because the synthetic base fluids are water insoluble and the -
SBFs do not disperse in water as water-based drilling fluids (WBFs) do, but rather tend to sink to
the bottom with little dlspersmn most research has focused on determmmg toxicity in the

| sedimentary phase as opposed to the aqueous phase.

- SBFs have routinely been tested using an aqueous phase test to measure toxicity of the
suspended particulate phase (SPP) (the SPP toxicity test) and found to have low toxicity.
However, recently presented data from an interlaboratory variability study indicates that the SPP
tox101ty results are highly variable when applied to SBFs, with a coefficient of variation of 65. 1
~ percent. Varlablhty reportedly dependcd on such things as mixing tlmes and the shape and size of
the SPP preparatlon containers. - :

, Although there are data avallable on the tox1cnty of both SBFs and SBF base ﬂulds from the '
: North Sea and United States, several aSSUIIlptIOI’l can be made. : :

(1) North Sea amphipods appear to be less sensitive to synthetic base fluids than those
atnphlpods currently used in US testing, x ‘

2) When comparing SBFs and OBFs, base fluid tox1cxty appears to show greatcr discriminatory
power than does drilling ﬂuld toxicity.

3) Dlscrlmmatory power scems to be dmumshcd with the use of for mulated sediments.

“) Mysui SPP testing does not seem to give meaningful results for SBFs.
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D. Bioaccumulation

EPA reviewed several studies on the bioaccumulation potential of synthetic base fluids. The
available information is scant, comprising only a few studies on octanol:water partition
coefficients (Pow) and two on tissue uptake in experimental exposures [only one of which derived a
bioconcentration factor (BCF)]. The P,,, represents the ratio of a material present in the oil phase,
i.e., in octanol versus the water phase. The P, generally increases as a molecule becomes less
polar (more hydrocarbon-like). The available information on the bioaccumulation potential of .
synthetic. base fluids covers only three types of synthetics: an ester (one studies), internal olefins
(IO; three studies), and poly alpha olefins (PAO; four studies). One study included a low toxicity
mineral oil (LTMO) for comparative purposes. This limitation with respect to the types of
synthetic base fluids tested is partially mitigated by the fact that these materials represent the more
common base fluids currently in use in drlllmg operations. In general, the order of decreasmg
bioaccumulation potential is PAO, I0s, and then ésters.

Data suggest that synthetic base fluids do not pose a serious bioaccumulation potential.
Despite this general conclusion, existing data cannot be considered sufficiently extensive to be
-conclusive. This caution is specifically appropriate given the wide variety of chemical
characteristics resulting from marketing different formulations of synthetic fluids (i.e., carbon
chain length or degree of unsaturation within a fluid type, or mixtures of different fluid types).
Therefore, based on the requirements of the final rule, only internal olefins (I0s) and esters can be
- discharged. ' : ‘

E. Biodegrédation

EPA rev1ewed studles regarding the blodegradablhty of synthetlc base ﬂu1ds deposited on

~ offshore marine sediments, In addition, EPA compared the various methods used to predict SBF
blodegradatlon Method variations include: calculation of biochemical oxygen demand in
inoculated freshwater aqueous media versus uninoculated seawater aqueous media; determination
of product (gases) evolved versus the concentration of synthetic base fluid remaining at periodic -
test intervals; varying initial concentrations of test material; aqueous versus sedlment matrices; and:
within sedlment matrices, layermg versus mixed sediment protocols.

In the field, the mechanisms observed from th'e deposition of SBF contaminated drill cuttings
involve the initial smothering of the benthic community followed by organic enrichment of the
sediment due to adherent drilling fluids. Organic enrichment causes oxygen depletion due to the
biodegradation of the discharged synthetic base fluids. This biodegradation results in
predominantly anoxic conditions in the sediment, with limited aerobic degradation processes
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occurring at the sediment:water column interface. Therefore, the biodegradation of deposited
drilling fluid will be an anaerobic process to a large degree. Standardized tests that utilize
aqueous media, while readily available and easily performed, may not adequately mimic the
environment in which the released synthetic base fluid is likely to be found and degraded. Asa
“result, alternative test methods have been developed that more closely simulate seabed conditions.

The result of this review is that the current state of knowledge for these materials is as
follows:

. All synthetic fluids have high theoretical oxygen demands (ThODs) and are likely to produce
a substantial sediment oxygen demand when discharged in the amounts typical of offshore
drilling operations.

< Existing aqueous phase laboratory test protocols are incomparable and results are highly
variable. Sedimentary phase tests are less variable i in their results, although experimental
- differences between the “simulated seabed” and “solid phase” protocols have resulted in
variations between test results.

. There is disagreement among the scientific community as to whether slow or rapid
degradation of synthetic base fluids is preferable with respect to limiting environmental
damage and hastening recovery of benthic communities. Materials which biodegrade:
quickly will deplete oxygen more rapidly. than more slowly degrading materials. However,
rapid biodegradation also reduces the exposure period of aquatic organisms to materials
which may bioaccumulate or have toxic effects. EPA believes that rapid degradation is
preferable because seafloor recovery has been correlated with disappearance of the SBF
base fluid. '

. Existing field data suggest these materials will be substantially degraded on a time scale of
one to a few years; however, the distribution and fate of these materials is not extensively
- documented, especially as applicable to the Gulf of Mexico where only three field studles
have been conducted. - :

The ex1st1ng data from field studies suggest that organic enrichment of the sedimentis a
“dominant impact of SBF-cuttings dlscharges Biodegradability of these materials is an important
fact.orvln assessing their potential environmental fate and effects. Therefore, based on the
requirements of the final rule, only internal olefins (I0s) and esters can be discharged.
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G. Seabed Surveys

EPA reviewed and summarized seabed surveys conducted at sites where cuttings
contaminated with SBFs (SBF-cuttings) have been discharged. The reviewed seabed surveys
measured either sediment or biologic effects from discharges of either WBFs or SBFs,
Specifically, indicators of drilling fluid i tmpact of seabed sediments are determined by measuring
drilling fluid tracer concentrations (as either barium or SBF base fluid) in the sediment at varylng
distances from the drill site in an attempt to determine fluid dispersion and range of potential
impact. Another class of impacts frequently measured are benthic community effects. The purpose
of these studies is to assess potential drilling fluid affects such as mcreased metals and/or anoxia
on biota.

From the existing survey information, it is clear that the area of impact resulting from SBF
cuttings discharges is significantly smaller than that resulting from WBF discharges. It appears
that biological impacts from SBF cuttings discharges may range from as little as 50 m to as much
as 500 m shortly after discharges cease to as much as 200 m a year later. WBF biological impacts
have been found up to 2,000 m. Similarly, maximum sediment concentrations of SBFs have been
found at approximately 100 to 200 meters from the discharge location, whereas maximum

- concentrations of indicators of WBF discharge (e g.,'barium) have been found out to 35 km from
the point of discharge.

Ester SBFS appear to be more readily biodegraded in North Sea studies than an ether SBF;
the Gulf of Mexico study suggests PAOs also are less biodegradable than esters. Also, although
esters appear to be readily biodegraded, one study indicates the persistence of uncharacterized
“minor” impacts on benthos after synthetic-based fluid levels have fallen to reference levels.

These limited data, however, are not optimal as a basis for any reliable projections concerning the
| potential nature and extent of impacts from discharges of SBFs. Howevcr the reported adverse
 benthic community impacts are expected, given the basic SBF and marine sediment chemlstry, the
level of nutrient enrichment from these materials, and the ensuing development of benthic anoxia.
The extent and duration of these impacts are much more speculative. Severe effects seem likely -
within 200 m of the discharge; impacts as far as 500 m have been demonstrated.- The initiation of
benthic recovery seems likely within a year although it also seems unlikely that it will be
“complete within one year.. :
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1. INTRODUCTION

This document presents the analyses and results of the environmental assessment for the final
rule for synthetic-based drilling fluids (SBFS) and other non-aqueous drilling fluid wastestreams,
and cuttings contaminated with these drilling fluids. The environmental assessment consists of an
evaluation of the ecological and indirect human health impacts for each proposed regulatory option
with respect to discharges to water. This document describes the environmental characteristics of
SBF drilling wastes (e.g., toxicity, bioaccumulation, biodegradation), the types of anticipated
impacts; and the pollutant modeling results for water column concentrations, pore water
concentrations, and human health effects via consumption of affected seafood. This document does
not consider the potential non-water quality environmental effects associated with the final rule. '

Since about 1990, the oil and gas extraction industry has developed many new oledgino_us
(oil-like) base materials from which to formulate high performance drilling fluids. A general class
of these are called “synthetic” materials. This class of substances include vegetable esters, poly

“alpha olefins, internal olefins, linear alpha olefins, synthetic paraffins, ethers, linear alkyl
‘benzenes, and others. Other, nonsynthetlc oleaginous materials have also been developed for this
purpose, such as the enhanced mineral oils and non-synthetic paraffins. Industry developed these
synthetic and non-synthetic oleaginous materials as the base fluid to provide the drilling
performance characteristics of traditional oil-based fluids (OBFs) based on diesel-and mineral oil,
but with lower environmental impact and greater worker safety. These environmental and safety
characteristics have been achieved through lower toxicity, elimination of polynuclear aromatic
]iydrocarbons (PAHs), faster biodegradability, and lower bioaccumulation potential. Another
~ benefit to SBF use is increased drilling efficiency. SBFs enable drilling to occur at a faster rate
with less washout (i.e., borehole sloughing) than water based fluids (WBFs). Due to fhese
characteristics, some drilling projects have replaced WBFs with SBFs. In this document, the
" synthetic or other new oleaginous base fluids will be referred to collectlvely as synthetic base
fluids. The drilling fluids formulated from them will be rcferrcd to: collectlvely as SBFs

In the relatively new area of ultta-deep watcr drilling (i.e., water depths greater than 3,000
feet), new drilling methods are evolving which can significantly improve drilling efficiencies and
thereby reduce non-water quality environmental impacts (e.g., fuel, steel casing consumption, air

,emissions') and the per well amount of pollutants discharged. Subsca drilling fluid boosting,
referred to as “dual gradient drilling,” is one such new drilling teéhnology.

As SBFs came into commercial yse, EPA determined that the current drilling discharge .
~monitoring methods, which were developed to conitrol the dischar ge of water-based fluids |
(WBFs), did not appropuately control the dnscharge of thesc new drllllng fluids. Because WBI‘s,
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disperse in water, oil contamination of WBFs with formation oil or other sources can be measured
by the static sheen test. Many soluble or water-accommodated toxic components of the WBFs will
disperse in the aqueous phase and be detected by the suspended particulate phase (SPP) toxicity

-test. With SBFs, which are highly hydrophobic and do not disperse in water but instead sink as a
mass, formation oil contamination has been shown to be less detectable by the static sheen test.
Similarly, the potential toxrclty of the discharge to the benthos is not apparent in the current SPP
toxicity test.

EPA has, therefore, sought to identify methods to control the discharge of cuttings associated
with SBFs (SBF-cuttings) in a way that reflects the appropriate level of technology. One way to
do this is through stock limitations on the base fluids from which the drilling fluids are formulated.
This would ensure that the substitution of synthetic and other oleaginous base fluids for traditional

‘mineral and diesel oils reflects the appropriate level of technology. In other words, EPA wants to
ensure that only the SBFs formulated from the “best” base fluids are allowed for discharge.

“Parameters that distinguish the various base fluids are the polynuclear aromatic hydrocarbon
-(PAH) content, sediment toxicity, rate of biodegradation, and potential for bioaccumulation.

EPA also determined that the SBF-cuttings should be controlled with other limitations, such -
as a limitation on the toxicity of the SBF at the point of discharge and a limitation on the mass or
concentration of SBFs discharged with the drill cuttings. The latter type of limitation would take
advantage of the solids separation efficiencies achlevable with SBFs, and consequently minimize
the discharge of organic and toxic components

In addition to the discharge option described above, EPA is also considering a Zero _

~ discharge option for SBF-cuttings. Under the zero discharge option, SBF-cuttings would either be
- injected at the well site or hauled by supply boats to shore for onshore mjectron or for drsposal at
. aland-based facility. : '

'EPA has determined the 'wa'ter'quality_and‘human health itpacts of current industry practice
and each of the three ..rcgulatoryoptions' (i.e., two.controlled disoharge' options and zero discharge)
based on changes in the discharge of SBF wastes and on the number of wells projected to use
'SBFs. Under the discharge option, wells drilled using SBFs will be allowed to discharge SBF-
cuttlngs Due to the proposed limitations, less SBF would be retained on the cuttings and so less

'SBF would be drscharged per well than is currently practlced in the Gulf of Mexico. In addmon
under the discharge option, EPA will control the toxicity, PAH content, and biodegradation rate of
the base fluids used in SBFs. For wells currently using OBFs for drilling, EPA projects that under

. the discharge options, a portion of these wells will convert to SBF usage and will dlschargc SBF-

cuttings. These wells comprise a fraction of the OBF wells drilled in the Gulf of Mexico and all

of the OBF wells drilled in offshore California and Cook Inlet, Alaska.
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The effect of the zero discharge option would be to ellmlnate the discharge of SBF—cuttmgs
mto ambient waters by those wells currently drilled with SBFs. However, EPA believes another
effect of zero discharge would be that many of the wells currently using SBFs would convert to
either OBFs or WBFs. EPA has determined that use of OBFs in place of SBFs would lead to an
increase in NWQIs including the toxicity of the drilling waste. Use of WBFs in'place of SBFs
‘would generally lead to a per well increase pollutants discharged, an increase in NWQIs, and an
increase in WBF aquatic toxicity. EPA estimates that, under the zero discharge option; some
operators will switch to WBF with more NAF-properties (e.g., lubricity, shale suppressmn) and
that these WBFs tend to exhibit greater aquatic toxicity than traditional WBFs.

Nonetheless, while S'BF-cutt_ings discharge with adequate controls is preferred over zero

| discharge in U.S. Offshore waters, SBF-cuttings discharge with inadequate controls is not
_preferred over zero discharge. EPA believes that to allow discharge of SBF-cuttings in U.S.
Offshore waters, there must be appropriate controls to ensure that EPA’s discharge limitations
reflect the “best available technology” or other appropriate level of technology. EPA has worked -
with industry to address the appropriate determination of PAH content, sediment toxicity,
biodegradation, bicaccumulation, the Quantity of SBF discharged, and formation oil contamination.

This envrronmental assessment presents background mformatlon and several types of
characterizations and assessments concerning the dlscharge of SBFs and SBF-cuttings, including:

. A descrlptlon of the regulatory options considered for the final rule (Chapter 2).

A characterization of the industry, including the geographlc areas and the population affected
by the final rule (Chapter 3).

. Wastestream characterizations in terms of SBFs and SBF-Cuttings (Chapter 3).

' Characterlzatron of the affected envrronment 1nclud1ng the receiving water and ﬁsherles
(Chapter 3). : y

¢ Water quallty compliance assessments for SBF-cuttings discharges to receiving waters and
comparison of receiving water pollutant concentrations (water column and interstitial (pore)
~water) projected from surface water dlsperswn modehng to Federal numeric water quality
standards (Chapter 4). :

L A carcmogemc and non-carcumgemc risk assessment for SBF-cuttmgs for hlgh-rate scafood
' consumptlon, based on seafood contamination levels prOJectcd from modeling (Chapter 5).

. A summary and comparrson of the aquatlc toxncxty test rcsults conducted to date on SB Fs
(Chapter 6).. .
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. A summary and comparison of bloaccumulatxon study results conducted to date on SBFs
(Chapter 7).

. A summary and comparison of biodegradation study results conducted to date on SBF s
(Chapter 8).

. A summary and comparison of seabed survey results conducted to date on SBF discharges to

assess benthic impacts (Chapter 9).

The pollutant concentrations in water and seafood tissue are based solely on analysis of
. discharges from this one particular wastestream under different regulatory options. That is, the
analyses do not consider background pollutant concentrations or pollutant loadlngs from other

potentxal discharges. '
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2. DESCRIPTION OF REGULATQRY OPTIONS

This environmental assessment. determines impacts for the discharge of wastes associated
with synthetic-based drilling fluids (SBFs) under current industry practice and three regulatory
options considered by EPA for the SBF rule: two controlled discharge options and a zero
discharge option.

In the February 1999 Proposal, EPA discussed two BAT options for SBFs associated with

* drill cuttings, “SBF-cuttings”: (1) a controlled discharge option (based on two SBF-cuttings
discharges from solids control equipment); and (2) a zero discharge optlon EPA’s preferred
options was the controlled discharge option in the February 1999 proposal. Through discussions
with stakeholders and the October 1999 site visits to offshore drilling operations, EPA obtained - -
more information about current and emerging solids control practices. Consequently, in the April
2000 NODA (65 FR 21560) EPA revised and added one new BAT controlled discharge optibn

for SBF-cuttings. The additional BAT SBF-cuttings controlled discharge option is based on only
one discharge from the cuttings dryer (e.g., vertical or horizontal centrifuge, squeeze press mud
recovery unit, High-G linear shaker) and zero discharge of fines from the fines removal unit (e.g.,
decanting centrifuge, mud cleaner). The additional BAT SBF-cuttings discharge option is
equivalent in all respects to the February 1999 Proposal controlled discharge option except for the

~ zero discharge of fines. Therefore, the range of regulatory options considered for SBF-cuttings

under BAT limitations included: |

(1) acontrolled discharge option (based on SBF-cuttings discharges from the cuttings
dryer and fines removal unit); '
. (2) = acontrolled discharge option (bascd on SBF cuttlngs discharges from the cuttings
- dryer only); and
(3) ;a.zero discharge option:
The dlscharge options control under BAT the stock base fluid through limitations on PAH
content, sediment toxicity, and biodegradation rate. Moreover, both discharge options control
under existing BPT and BCT limitations sheen formation at the point of discharge and control
under BAT formation oil content, sediment toxicity, and quantity of SBF base fluid discharged at
the poiut of discharge. EPA is retaining the existing BAT limitations on: (1) the stock-barite of 1
mg/kg mercury and 3 mg/kg cadniium;' (2) the maximum aqueous toxicity of discharged SBF-
-~ cuttings as the minimum 96-hour LCs, of the SPP shall be 3 percent by volume; and (3) prohibiting
. the discharge of drilling wastes containing diesel oil in any amount. These hmltatlons control the
levels of toxic metal and aromatic pollutants respecuvely EPA at this time thinks that all of these
components are essential for appropriate control of SBF-cuttings discharges.
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EPA used stock llmltatlon and discharge limitations i in a two part approach to control SBF-
cuttmgs discharges under BAT. The first part is the control of which SBF are allowed for
discharge through use of stock limitations (e.g., sediment toxicity, biodegradation, PAH content,
metals content) and discharge limitations (e.g., diesel oil prohibition, formation oil prohibition,
sediment toxicity, aqueous toxicity). The second part is the control of the quantity of SBF
discharged with SBF-cuttings. As previously stated in the April 2000 NODA, EPA finds that this
control is particularly important because limiting the amount of SBF content in discharged cuttings
controls: (1) the amount of SBF discharged to the ocean; (2) the biodegradation rate of discharged
SBF; and (3) the potential for SBF-cuttings to develop cuttmgs plles and mats which are
detrimental to the benthic environment.

While discharge of SBF-cuttings would be allowed under the discharge options, discharge
of SBFs not associated with drill cuttings would not be allowed. Since zero discharge of neat
SBFs is current industry practice due to the value of the SBFs recovered, this option has no
incremental environmental impact. For this portion of the wastestream, therefore, an -
environmental assessment was not conducted. \

Under the zero dlscharge option, neat SBFS (not associated with drill cuttings) as well as
SBF- ~cuttings would be prohibited from discharge. Because the Zero dlschargc option results in the
absence of discharged pollutants, the environmental assessment analyses did not require
calculations to demonstrate zero environmental impacts.

EPA determined that the only major effect that the discharge options would have on the
characterization of the SBF-cuttings currently discharged would be to reduce the retention of the-
SBF on the cuttings from the current 10.2% base fluid to 4.03% or 3.82% base fluid under each of _
the discharge options. This means that for the purpose of this environmental assessment, base fluid
selection, formatlon oil contaminant level, and sheen forming characteristics would not be
E materlally affected in moving from current practlce to the dlscharge option. '

’ The different SBF ‘retentio'n value's, 1‘0.2% for current technology and 4.03% and 3.82% for
the discharge options, represent different amounts of SBF discharged into the receiving water. For
the water quality analyses (Chapter 4) and the human health impact assessments (Chapter 5), the
impacts under the discharge options (4.03% and 3.82% retentlons) and under current technology
. (10 2% retentlon) were determined. :

Also, EPA projects that the discharge option would encourage operators to convert wells
currently drilled. with oil-based drilling fluid (OBF) and water-based drilling fluid (WBF ) to SBF.
Thus, EPA pchots that in the Gulf of Mexnco while 221 wells annually are currently prOJoctcd to
drlll with SBF after the rule an addltlonal 58 wells (30 conver: tmg from OBF and 28 converting
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from WBF), for a total of 279 would drill with SBF. Therefore, the analyses of this environmental
assessment assume that in the Gulf of Mexico, the current practice is 221 wells discharging at
10.2% base fluid retention on cuttings and the-discharge option would consist of 279 wells drilled
annually and discharging cuttings at 3.82% retention.

In offshore California and Cook Inlet, Alaska no SBF wells are currently drilled. If
facilities in Cook Inlet can demonstrate to the permitting authority that they can not zero discharge
their drilling waste, the may be considered for a permit allowing discharge of SBF cuittings.
Therefore, this environmental assessment models the impact of discharges from one shallow water
development well under the discharge options. According to industry, no wells are projected to be
drilled using SBFs in California even under a discharge scenario. However, should industry .
practices change so that SBFs would be used, EPA has modeled impacts resulting from drilling
one shallow water and 11 deep water development wells in offshore California.

Current regulations establish the geographic areas where drilling wastes may be discharged:
offshore subcategory waters beyond 3 miles from the shoreline and, in Alaska, offshore waters =
with no 3-mile restriction. The SBF effluent guidelines would be applicable only where drilling
wastes are currently allowed for discharge. The only coastal subcategory waters where drilling
wastes may be discharged is in Cook Inlet, Alaska. In total, there are three areas where current
guidelines allow drilling wastes to be dlscharged and drilling is active: offshore Gulf of Mexico,
offshore California, and Cook Inlet, Alaska. Because these are the only geographic areas where
EPA projects pollutant loadings to change as a result of the proposed rule, they are the only areas
considered in the environmental assessment. |
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3. CHARACTERIZATION
3.1 Industry Characterization

The geographic areas where drilling wastes are allowed to be discharged are: the offshore
subcategory waters of the Atlantic, Gulf of Mexico, and Pacific coasts beyond 3 miles from shore;
" all of the offshore éubcategbry waters of A‘laska,' which has no 3 mile discharge restriction; and the
coastal subcategory waters of Cook Inlet, Alaska. Within these discharge areas, drilling is
currently active in three places: (i) the Gulf of Mexico (GOM), (ii) offshore southern California;
~ and (iii) Cook Inlet, Alaska. Offshore subcategory waters of Alaska has active drilling and
effluent guidelines allows discharge. However, drilling wastes are not currently discharged in the
Alaska offshore waters. '

Among these three areas, the vast majority of dnlhng activity occurs in the GOM, where
1,302 wells were drilled in 1997. This activity compares to 28 wells drilled in Cahforma and 7
wells drilled in Cook Inlet in 1997. In the GOM, over the last few years, there has been a high
growth in the number of wells drilled in the deepwater, defined by the Minerals Management
Service (MMS) as water greater than 1,000 feet deep. For example, in 1995, 84 wells were
drilled in the deepwater, comprising 8.6 percent of all GOM wells drilled that year. By 1997, that
number increased to 173 wells drilled and comprised over 13 percent of all GOM wells drilled.
Most recent 1999 data show that this trend is continuing as over 15% of all GOM wells drilled
were in deep water. This increased activity in deepwater increases the usefulness of SBFs.
Operators drilling in deepwater cite the potential for riser disconnect in ﬂoating drill ships, which
favors SBF over OBF; higher daily drilling cost that more easily justifies use of more expensive

SBFs.over WBFs; and the greater dlstance to barge drllhng wastes that may not be dlschargcd _
' (1 e.s OBFs). . : '

~ Inthe relatively new area of ultra-deep water drillin g @ie., water depths greater than 3,000
feet), new drilling methods are evolvmg which can s1gmﬁcantly improve drlllmg efficiencies and

- thereby reduce NWQIs (e.g., fuel, stecl casing consumption, air emissions) and the per well -

amount of pollutants discharged. Subsea drilling fluid boosting, referred to as “dual gradient
drilling,” is one such new drilling technology. Dual gradient drilling is similar to traditional rotary
drilling methodq as prcv1ously described with the exception that the drilling fluid is energlzed or
boosted by use of a pump at or near the seafloor. By boosting the drilling fluid, the adverse effect

on the wellbore caused by the drilling fluid pressure from the seafloor to the surface is ehmmatcd
thereby allowing wells to be drilled with as much as a 50% reduction in the number of casing
'strings generally required to line the well wall. As a result of the reduced number of casing strings, - |
dual gi-adient wells can be drilled almost one-third faster and with smaller hole sizes than

“ conventional deep water drilling. Smaller hole sizes and faster drilling translate into fewer
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pollutants being discharged to the ocean and fewer NWOQI. Dual gradient drilling technology can
also potentially eliminate or reduce the amount of whole drilling fluid released to the environment
during an inadvertent riser disconnect. Finally, dual gradient drilling technology can greatly reduce
the potential release of drilling fluid when drilling through shallow sand intervals (e.g., shallow
water flow) (Docket No. W-98-26, Record No. IV.B.a.6).

Some dual gradient drilling systems require the separation of the largest cuttings (e.g., larger
than approximately % inch) at the seafloor since these cuttings may interfere with the rotatory
action of subsea pumps (e.g., electrical submersible pumps). The larger cuttings are routed at the
seafloor to a venturi action pump (with no moving parts), mixed with seawater, and pumped to a
cuttings discharge hose at the seafloor within a 300 foot radius of the well site. The hose is
perforated on the last 50 ft of its length to maximize the spread of cuttings. The action of pumping.
cuttings with seawater can be expected to have some cleaning and dispersion effect. A remotely
-operated vehicle (ROV) can also be used to reposition the subsea discharge hose to maximize
cuttings dispersal. Representative samples of drill cuttings discharged at the seafloor can be
transported to the surface by a ROV for purposes of monitoring. The drilling fluid, which is
boosted at the seafloor and transports most of the drill cuttings (e.g., 95-98% of total cuttings
generated) back to the surface, is processed as described in the general rotary drilling methods
described in the Development Document.

EPA has adopted the MMS categorization of drilling wells according to type of drilling

- operation, 1.e., exploratory (E) or development (D), and water depth. Deep water (DW) wells are
wells that are drilled in water depths greater than 1,000 feet whereas shallow water (SW) wells
are drilled in water less than 1,000 feet. Using information gathered from industry, EPA projected
the number of wells drilled annually using SBFs, WBFs, and OBFs (EPA, 2000). Table 3-1
presents a summary of the wells drilled with OBFs, SBFs, and WBFs as used in the analyses for

- “the environmental assessment. For the water quality and human health impact analyses, EPA

- pro;ected that under the discharge options, certain wells currently using OBFs as well as WBFs
would switch to SBF usage (EPA, 2000). In the Gulf of Mexwo EPA pl‘OjCCth that 40% of the

~ wells drilled with OBF, all of which are located in shallow water, would convert to SBF. In
addition, EPA projected that 6% of shallow water wells and 8% of deep water wells drilled with. -
WBFs will convert to SBF under the discharge options. In Cook Inlet, Alaska, EPA projected that
only one shallow water dcvelopment OBF well would convert to SBF. Based on information '
provided by industry after publication of the NODA, wells drilled in offshore California-are-not’
projected to be drilled with SBFs under any of the regulatory options.
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Exhibit 3-1. Estimated N umbei‘ of Wells Drilled Annually By Drilling Fluid

Dl‘i“illg R . Well Type Total
P egion
Fluid Type ® SWD SWE DWD | DWE Wells
BASELINE '
WBF 538 298 23 36 895
SBF pulf of 91 51 31 48 221
OBF exico 44 25 0 0 69
WBF 3 2 0 0 5
SBF o shore 0 0 0 0 0
OBF watomia 1 1 0 0 2
WBF 3 l 0 0 4
SBF {Look Inlet, 0 0 0 0 0
OBF aska 1 1 0 0 2
BAT Options land 2
WBF Gulf of 504 279 21 34 838
SBF M“ ° 132 74 33 49 279
OBF exico 26 15 0 0 41
WBF 3 "2 0 0 5.
SBF o snore 0 0 0 0 0
| oBF altomia 1 1 0 0 2
WBF ' 3 1 0. 0 4
SBF ook Intet, 1 0 0 0 1
OBF vaska 0 1 0 0 1
BAT Option 3 -
WBF - 538 298 32 51 919
SBF putrof o | o 6 11 14
OBF rexie 135 76 16 40 252
| WBF 3 2 0 0 5
SBF. oo 0 0 0 0 0
OBF arornia; . 1 1 0 0 2
WBF ’ L 3 1 0 0 4
SBF ifa‘;ll‘( Tnlet, 0 0 0 0 0
OBF 2 1 I 0 0 2
(a) While this table lists total number of wells, the only wells included in the analyqns are those affected by
this rule: SBF wells or wells converting from OBF or WBF to SBF in the discharge optlous or convertmg .
from SBF to OBF or WBF in the zero discharge option,
(b) EPA assumes that 95 percent of GOM shallow water dcvelopment wells of this analysis are exwung
sources, and 5 percent are new sources (equals 34 new source wells). .
(c) EPA assumes that 50 percent of GOM deep water development wells of this analysis arc existing sounccs,
and 50 percent arc new sources (equals 26 new source wells),
(@

. BPA assumes all offshore California and Cook Inlet, Alaska, wells arc existing sources. For Cook Inlet,

- the SWD OBF well will convert to an SBF well under the discharge opuons

Source: EPA, 2000..
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3.2 Wastestream Characterization

The American Petroleum Institute (API) provided EPA with characteristic well data in terms
of well diameters and well section depths for model wells. From this, EPA calculated the -
volumes of waste generated (EPA, 1999). As in the MMS data, API information distinguiShes
wells into four categories: shallow water development, shallow water exploratory, deep water
development, and deep water exploratory. '

Drill cuttings are produced continuously at the bottom of the hole at a rate ‘proportionate to
the advancement of the drill bit. These drill cuttings are carried to the surface by the drilling fluid,
where the cuttings are separated from the drilling fluid by the solids control system. The drilling
fluid is then sent back down hole, provided it still has characteristics to meet technical
requirements. Various sizes of drill cuttings are separated by the solids separations equipment. It
is necessary to remove both the fines (small sized cuttings) and the large sand- and gravel-s1zed
cuttings from the drilling fluid stream to maintain the required flow properties.

Because of cost, SBFs, used or unused, are considered a valuable commodity by the industry
and not a waste. It is industry practice to continuously reuse the SBF while drilling a well
interval, and at the end of the well, to ship the remaining SBF back to shore for refurbishment and
reuse. Compared to WBFs, SBFs are relatively easy to separate from the drill cuttings because the
drill cuttings do not disperse in the drilling fluid to the same extent. With WBF, due to dispersion
of the drill cuttings, drilling fluid components often need to be added to maintain the required
drilling fluid properties. These additions are often in excess of what the drilling system can
accommodate. The excess “dilution volume” of WBF is discharged. This excess dilution volume
does not occur with SBF. 'For these reasons, SBF is only discharged as a contaminant of the drill
o cuttings’ Wastestream Itis not discharged as neat dnlhng fluid (drilling ﬂuld not associated with

' »cuttmgs) ' ’ : ‘

* The top of the wcll is normally drllled with a WBF. As the well becomes deepcr the
performance requirements of the drllllng fluid increase, and the operator may, at some point, -
decide that the drilling fluid system should be changed to cither : a traditional OBF using diesel oil
or mineral oil, or an SBF. The system, including the drill string and the solids separation
equipment, must be changed entirely from the WBF to the SBF (or OBF) system, because the two
drilling fluid systems do not function as a blended system. Thus, the cntir.e‘systcm is either a water
dispersible drilling fluid or a water non-dispersible drilling fluid (such as an SBF). The decision
to change the system from a WBF water dispersible system to an OBF or SBF water non-
- dispersible system depends-on many factors including:

e " the opc_ra.tiona.l considerations, i.e. rig type (risk of riser disconnects with
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- floating drilling rige), rig equipment, distance from support facilities,

. the relative drilling performance of one type fluid compared to another, e.g., rate of
penetration, well angle, hole size/casing program options, horizontal deviation,
. the presence of geologic conditions that favor a particular fluid type or performance

characteristic, e.g., formation stability/sensitivity, formation pore pressure vs. fracture
' gradient, potential for gas hydrate formation, -
. drilling fluid cost - base cost plus daily operating cost,
. drilling operation cost - rig cost plus logistic and operation support and
. drilling waste disposal cost. ‘ :

Industry has commented that while the right combination of factors that favor the use of SBF can
occur in any area, they most frequently occur with "deep water" operations. This is due to the fact
that these operations are higher cost and can therefore better justify the higher initial cost of SBF
use. Recently, SBF use has become not only limited to difficult drilling conditions within a well
interval, but is also used in drilling the entire well because of the more efficient drilling SBFs
provide compared to WBFs. SBFs decrease washout and increase the speed of drilling thereby
decreasing the total amount of waste generated during drilling.

The volume of cuttings generated while drilling the SBF intervals of a well depends on the
type of well (development or production) and the water depth. According to analyses of the model
‘wells provided by industry representatives, wells drilled in less than 1 ,000 feet of water are
estimated to generate 565 barrels of cuttings for a development well and 1,184 barrels of cuttings
‘for an exploratory well. Wells drilled in water greater than 1,000 feet deep are estimated to
 generate 855 barrels of cuttings for a development well, and 1,901 cuttings for an exploratory well
(see Exhibit 3-2). These values assume 7.5 percent washout, based on the rule of thumb reported
by industry representatives of 5 to 10 percent washout when drilling with SBF. Washout is caving
in or stuffing off of the well bore Washout, therefore, increases hole volume and increases the
_ amount of cuttings generated when dnlhng a well, Assumlng no washout the values above
" . become, respectxvely, 526, 1,101, 795, and 1,768, barrels of dry cuttmgs

The dr:ll cuttmgs range in size from large partlcles on the order of a centimeter in size to
small particles a fraction of a millimeter in size, called fines. As the drilling fluid returns from

: . downhole laden with drill cuttlngs 1t normally is first passed through primary shale shakers which

remove the largest cuttings, ranging in size of approximately 1 to 5 millimeters. The drilling fluid
may then be passed over secondary shale shakers to remove smaller drill cuttings. Fmally,
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Exhibit 3-2. Volume of SBF-Cuttings Generated Per Model Well

‘ v Shallow Water _ Deep Water
Parameter ‘ (<1,000 ft) (21,000 ft)

Development | Exploratory | Development | Exploratory

Calculated SBF Interval Volume (bbls) 526 1,101 795 1,768
'SBF Interval Volume Plus |
7.5% Washout (bbls) - 565 1,184 855| 1 ,901

Amount of Dryl Cuttings Generated
Per Interval Volume (Ibs)

514,150 1,077,440 778,050 1,729,910

Source: EPA, 2000

portion or all of the drilling fluid may be passed through a centrifuge or other shale shaker with a
'very fine mesh screen, for the purpose of removing the fines. It is important to remove fines from
the drilling fluid in order to maintain the desired flow properties of the active drilling fluid system.
Thus, the cuttings wastestream usually consists of larger cuttings from a primary shale shaker,
smaller cuttings from a secondary shale shaker, and fines from a fine mesh shaker or centrifuge.

- Before being discharged, the larger cuttings are sometimes sent through an additional
 separation device in order to recover additional drilling ﬂuld

The recovery of SBF from the cuttings serves two purposes. The first is to deliver drilling
fluid for reintroduction to the active drilling fluid system and the second is to minimize the
discharge of SBF. The recovery of drilling fluid from the cuttings is a conﬂlctmg concern, because °
as more aggressive methods are used to recover the dnllmg fluid from the cuttings, the cuttings
* tend to break down and become fines. The fines are more difficult to separate from the drilling -~ -
fluid (an adverse affect for pollution control purposes), but in addition they deteriorate the
properties of the drilling fluid. Increased recovery from cuttmgs is more of a problem for WBF
than SBF because in WBFs the cuttings disperse more and spoil the drilling fluid properties.
Therefore compared to WBF, more aggressive methods of recovermg SBF from the cuttings
‘wastestream are practical. These more aggressive methods may be justified for cuttings
associated with SBF so as to reduce the discharge of SBF. This, consequentl y, will reduce the
quantity of toxic organic and metallic components of the drilling fluid discharged.

Drili cuttings are fy-pical.ly discllargcd'contipupuﬂy during drilling, as thc‘y are séparatcd
from the drilling fluid in the solids separation cquipment. The drill cuttings will also carry a
~ residual amount of adherent drilling fluid. Total suspended solids (TSS) makes up the bulk of the
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pollutant loadings, and is comprised of two components: the drill cuttings themselvés, and the
solids in the adhered drilling fluid (see Exhibit 3-3). The drill cuttings are primarily small bits of
stone, clay, shale, and sand. The source of the solids in the drilling fluid is primarily the barite
weighting agent, and clays that are added to modify the viscosity. Because the quantity of TSS is
so high and consists of mainly large particles that settle quickly, discharge of SBF drill cuttings

can cause benthic smothering and/or sediment grain size alteration resulting in potential damage to
invertebrate populations and benthic community structure. '

Additionally, environmental impacts can be caused by toxic, conventional, and
nonconventional pollutants adhering to the solids. The adhered SBF drilling fluid is mainly
composed, on a volumetric basis, of the synthetic material, or more broadly speaking, oleaginous
material. The oleaginous material may be toxic or bioaccumulate, and it may contain priority
pollutants such as polynuclear aromatic hydrocarbons (PAHs). This oleaginous material may
'cause‘ hypoxia (reduction in oxygen) or anoxia in the immediate sediment, depending on bottom
currents, temperature, and rate of biodegradation. Oleaginous materials which biodegrade quickly
will deplete oxygen more rapidly than more slowly degrading materials. EPA, however, believes
‘that rapid biodegradation is environmentally preferable to persistence despite the increased risk of
anoxia which accompanies fast biodegradation. This is because recolonization of the area
impacted by the discharge of SBF-cuttings or OBF-cuttings has been correlated with the
disappearance of the base fluid in the sediment, and does not seem to be correlated with anoxic
effects that may result while the base fluid is disappearing. In studies conducted in the North Sea,
base fluids that biodegrade faster have been found to. disappear more quickly, and recolonization
at these sites has been more rapid (Daan et al., 1996 and Schaanning, 1995).

As a component of the drilling fluid, the barite weighting agent is also discharged as a
“contaminant of the drill cuttings. Barite is a mineral principally composed of barium sulfate, and it
~is known to generally have trace contaminants-of several toxic heavy metals such as mercury, -
cadmium, arsenic, chromium, copper, lead, nickel, and zinc. EPA developed a profile of metals
~ concentrations in dnlhng fluids formulated with barite as part of the Offshore Effluent Limitations:
Guxdchnes rulemakmg effort. As a result of the Offshore Effluent Limitations Guidelines, stock
barite must meet the maximum limitations of cadmium of 3 mg/l and for mercury of 1 mg/L. Exhibit
3-4 lists the conccntrations of the 'pollutants associated with barite.

Formation oil is another contaminant of dnlhng ﬂulds Together Wlth the synthetic 01]
formation oil contributes to the total oil concentration found in drilling fluids. EPA estimates that
a model SBF wastestream will contain 0:2% by volume formation oil (EPA, 2000). EPA obtained
the concentrations for both priority and non-conventional organic pollutants from analytical data
'prcsentcd in the Offshore Snbcategory Oil and Gas Development Document for Gulf of Mexico
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Exhibit 3-3. Model Well Characteristics

Shallow Water Deep Water .
Parameter (<1,000 ft) , (21,000 ft)
Development | Exploratory | Development | Exploratory
Amount of Cuttings (lbs) o 7
(=TSS associated with drill cuttings) 3 14’ 150 1,077,440 778,050 1,729,910
Amount of Solids as Barite (Ibs)
-(=TSS associated with drilling fluid) ' _
@10.2 retention (BPT baseline) 47,028 98,551 - 71,166 158,230
. @4.03 retention (BAT Option 1) 15,913 -~ 33,346 24,080 53,540
@3.82 retention (BAT Option 2) 14,631'| 30,660 © 22,141 49,227
Amount of Synthetic Base Fluid
Associated with Adhering Dnllmg
Fluid (Ibs) .
@10.2 retention (BPT baselme) 66,979 140,360 101,358 225,358
@4.03 retention (BAT Option 1) |- 22,664 47,493 34,296 76,254
@3.82 retention (BAT Option 2) 20,838 | 43,668 - 31,534 70,112
Amount of Crudé at 0.2% (vol.) a
'} Contamination (Ibs) _
@10.2 retention (BPT baseline) 207 433 313 696
@4.03 retention (BAT Option 1) : 70 1471 . 106 235
@382 retention (BAT Option 2) . 64 ] - 135 97 217
Source: EPA, 2000

diesel (EPA, 1993). Thus, EPA used diesel oil as an estimate for formation oil in terms of
pollutant content. Exhibit 3-5 lists the conccntratxons of orgamc pollutants found in SBF drilling
fluid contammated with formation oil.

3.3 vReceiving‘ Water Chdracte_rfzation
, 3'.3.1' | Gulf ofMexico

The Gulf of Mexico is a semi- cnclosed sea that can be subd1v1dcd into four physxographlc
regions: the continental shelf, the continental slope and associated canyons, the Yucatan Strait, and
the Straits of Florida. Physical occanography is dominated by the clockwise flow of the Loop
Current that enters the Gulf throu gh the Yucatan Strait and exits through the Straits of Florida. The
average position of the northern part of the Loop Current is close to 26°N and the mean eastern
side of the Loop Current is west of the 2000 m isobath offshore Florida (MMS, 1989). The most
northerly position occurs on the slope just south of Mobile, Alabama. The Loop sheds
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Exhibit 3-4. Heavy Metal Concentrations in Barite

Average Concentration of

Pollutant Pollutants in Barite Reference
(mg/kg)
{i Priority Pollutants, Metals .
Cadmium . 1.1 | Offshore Development
Mercury 0.1 | Document, Table XI-6
Antimony 5.7 (EPA, 1993)
Arsenic i 7.1
Beryllium 0.7
Chromium - 240.0
Copper - 18.7
Lead 35.1
|| Nickel . 13.5
Selenium 1.1
Silver 0.7
Thallium : 1.2

Zinc ' 200.5

Non-Conventional Metals

Aluminum ‘ 9,069.9 | Offshore Development
Barium 120,000 | Document, Table IX-6,
Iron ) 15,3443 | except baiium, which was
Tin : , 14.6 | estimated (EPA, 1993)

Titanium 87.5

large eddies (diameters of 300 to 400 km, averaging 234 km) that la’st;for periods ranging from 4 |
- to 12 months (MMS; 1989; 1991). The vertical extent of these eddies ranges to.over 1,000 m.,

Surface temperatures are neatly isothermal durlng summer (29°~30°C) but show strong,
horizontal temperature gradnents in winter ranging from 25°C at the core of the Loop current to 14-
15°C over the northern coastal areas. Salinities range from a low of 20 ppt during periods of high ™
freshwater inflow from the Mississippi River to a high of 29-32 ppt during periods of low |
freshwater inflow. The thermocline also migrates due to seasonal influences. The thermocline
depth is appr0x1mately 45 m during summer and ranges from betwecn 30 m to 60 m during wmtcr

Currcnt speeds reported at a depth of 100 m from a mooring buoy located at the ].4000 m
isobath off Louisiana avcragcd 13.4 cr/s for a period of November to September (MMS, 1989).
-MMS (1988) reports an average current speed of 17.2 cm/s for December to April at a depth of
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Exhibit 3-5. Formation Oil Characteriétics

@

Average Concentration
of Pollutants in SBF Contaminated
‘Pollutant with Formation Oil Reference
mg pollutant/ Ibs/bbl of SBF

ml formation oil (a)
Priority Pollutant Organics :
Naphthalene 1.43 0.0010052 | lbs/bbi pollutant.conc.
Fluorene - 0.78 0.0005483 | calculated from Offshore
Phenanthrene 1.85 0.0013004 | Dev. Doc., Table VII-9
Phenol (ng/g) 6 7.22E-08 | (EPA, 1993)
‘Non-Conventional Pollutants . -
Alkylated benzenes 8.05 0.0056587
Alkylated naphthalenes 75.68 0.0531987
Alkylated fluorenes 9.11 0.0064038
Alkylated phenanthrenes 11.51 0.0080909
Alkylated phenols (ng/g) 52.9 0.0000006
Total biphenyls 14.96 0.0105160
Total dlbenzothlophenes (ng/e) 760 0.0000092

Assumes 0.2% contamination from formation oil using diesel as an estimate of pollutant content.

35 min about 400 m water depth near Green Canyon off Louisiana. MMS (1988) also reports an
average current speed of 13.6.cm/s at 55 m depth in 100 m water depth (near West Flower Garden
Bank, south of Louisiana/Texas border) and an average of-19.8 cm/s at 63 m depth in 280 m water
depth (East Breaks vicinity, south of Galveston Texas) .

Most drilling act1v1ty in the Gulf of Mexico occurs in the Central and Westcm planmng areas
for MMS generally offshore Louisiana and Texas. ‘

3.3.2 Cook Inlet, Alaska

Cook Inlet is located on the northwest edge of the Gulf of Alaska in southcentral Alaska. It
is a large tidal estuary that is approximately 330 km long increasing in width from 36 km in the
north to 83 km in the south. The upper inlet has water depths of 30 m to 60 m and has extensive
tidal marshes and mud flats along the western and northern margins. ‘At the East and West
Forelands, where the upper inlet is divided from the lower inlet, water depths increase to over
130 m in deeper c‘l;annéls. In Lower Cook Inlet water dvepths range from 30 m to 40 m below the
forelands to over 180 m at the entrance to the inlet.
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The circulation pattern of Lower Cook Inlet is a complex pattern influenced by large tidal
ranges, bathymetry, surface wind patterns, Coriolis effect, water density structure, and shoreline
configuration. Surface circulation in the lower inlet appears to follow a generally counter-
clockwise pattern near the mouth of the inlet as clear oceanic waters are met by more turbid water
flowing south through the inlet (Dames & Moore, 1978).

Cook Inlet currents are dominated by tidal currents and large-scale, local or regional
meter’ological events (EPA Region 10, 1984). Tidal currents rahge from 10 to 50 cm/sec. Above
the tidal currents, the Kenai Current and western surface outflows affect Cook Inlet circulation.
Houghton et al., 1981 measured flood tides ranging from 77 cm/sec to 51 cm/sec for depths
ranging from 14 m to 52 m and ebb tide ranging from 103 cm/sec to 41 cm/sec for the same depths
at one point in Cook Inlet.

Salinity in Cook Inlet varies seasonally due to variations in fresh water inflow. Duririg
summer (May through September) river discharges decrease the salinity of the upper Inlet. During
winter, intrusion by more saline oceanic waters increase salinity throughout the Inlet.” At the mouth
of the Inlet salinity value remain nearly constant at 32 ppt. As a result of circulation patterns,
salinity on the eastern side of Lower Cook Inlet tends to be higher than the western side.

Cook Inlet is characterized by large quantities of glacial sediments washed into the upper
inlet from seven major glacier-fed rivers. Sediment inflow from glacial sources is seasonal with
larger amounts of glacially-derived sediment occurring in summer months. In upper Cook Inlet,
clay- and silt-sized particles are kept in suspension by tidal currents. The bulk of this fine
sediment is transported down the west side of the inlet and deposited in the Aleutian Trench
beyond Kodiak Island. Extreme ranges of sediments vary from 1 to 2 mg/l at the mouth of Cook
- Inlet to over 2,000 mg/l in Knit Arm (Dames & Moore, 1978).

3.3.3 Offshore California

The Southern California Bight is the area of the California coastline from Point Conception
in the north to San Diego in the south. Currently, it is the only area with oil and gas activity inthe -
offshore California discharge region. The area has three principle features: (i) a narrow
continental shelf ranging in width between 3 km and 10 kmy; (ii) distinct basins with depths to 1 km;
‘and (iii) a number of islands. -

Circulation on the shelf of southern California is not well defined (MMS, 1991). The
~offshore flow is generally a counter-clockwise flow from the shelf and slope area north of Point
- Conception past the channel islands and then eastward where it intérsects the shelf at a point not”
precisely determined. . ' ' | '
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The major surface currents offshore California are the California Current (mean speed about
15 cm/sec) that flows generally southward and affects areas further offshore and the Davidson
-} Current (speeds up to 15-30 em/sec) that flows northward closer to the shore. The Davidson
Current mainly occurs in areas where oil and gas leases occur offshore California (MMS, 1985).
3.4 Recreational and Commercial Fisheries
3.4.1 Gulf of Mexico

‘Recreational Finfish

In the Gulf of Mexico, 18 million reereational fishing trips (excluding Texas) were taken in
1998 (NMFS,1999). In Texas 266,500 man-hours of sport—boat fishing were reported for the

- Exclusive Economic Zone in 1991 (NMFS, 1997). Data from the National Marine Fisheries

- Service (NMFS) Fisheries Statistics Survey are presented in Exhibit 3-6 for recreational fish
catch in Gulf of Mex1co states, excluding Texas. Texas data are maintained by the state and not
reported to NMFS. '

Commercial Shrimp

‘Gulf of Mexico commercial shrimp fisheries include mainly brown, pink, white, and
northern shrimp. According to NMFS (1999), the commercial shrimld landings in the Gulf of
Mexico represented 71% and 83% of the total US landings by weight in 1997 and 1998,
respectively with 205.5 million and 230.0 million pounds of shrimp landed each year. The value
of these shrimp represented 80% and 83% of the total US shrimp landings by weight for those
respective years at $437 million and $429 million. The commercial shnmp landings for Gulf of
‘ Mcxwo states is presented in Exhibit 3-7.

As presented in the offshore Env1ronmenta1 Assessment’ (Avantl Corporation, ]993) the -
 state reporting the landmg does not neccssarlly represent the state in which the shrimp were
caught. ‘EPA has used the catch:landings ratios used in the offshore assessment to adjust the
landings ﬁgures by factors of 123% for Louisiana and 85% for Texas. Also, as developed for the
offshore analysis, the total catch is adjusted to calculate the portion caught in areas potentially
affected by SBF discharges, i.e., beyond 3 miles from shore. These calculatlons are presented in
Appendix 3- l ‘ : :

s -
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Exhibit 3-6. Gulf of Mexico Recreational Fisheries Catch (pounds)

1998

State 1997 - Average

W. Florida 2-1,002,819 15,306,697 18,154,758

Alabama 4,209,083 2,347,612 3,278,348
| Mississippi | 1,975,874 958,700 1,467,287

Louisiana 2,332,590 1,536,503 - 1,934,547
Total 29,520,366 20,149,512 24,834,939

Source: NMFS, 1999

3.4.2 Cook Inlet, Alaska

Recreational Finfish

Cook Inlet area waters provided over 50% of the total (saltwater and freshwater)
sportfishing days in Alaska in 1992 with an estimated 375,993 saltwater recreational fishing days
- recorded (Mills, 1993). Most of the recreational ﬁshlng in the inlet is for halibut and chinook

salmon.

Commercial Shrimp

There has been no commercial shrlmplng in Cook Inlet since January 1, 1997 The Alaska
- ‘Board of Fisheries mandated closures for Inner Cook Inlet (Kachemak Bay) in 1988 and Outer
Cook Inlet since January 1997 (Bev_erage, 1998). These closures were due to insufficient
information on the biology and stock status of the coonstriped shrimp, which was the primary
_species sought by Alaskan commercial shrimpers. There is no information that indicates that these
closures will be lifted in the near future.
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Exhibit 3-7. Gulf of Mexico Commercial Shrimp Catch (pounds)

' Source: NMFS, 1999 - -

Shrimp ] . Total thal Texas
. Florida | Mississippi |- Alabama | Louisiana Texas Gulf of and
Species. . .
Mexico Louisiana

Brown .

1997 528,113 9,902,044 9,371,357]43,137,058| 44,169,655| 107,108,227} 87,306,713

1998 1,188,219] 10,447,157 | 10,983,270]39,853,726 46,630,671 109,103,043 | 86,484,39
Average 858,166 10,174,601 | 10,177,314 }41,495,392]45,400,163| 108,105,635 86,895,55
Northern _ ) : .

1997 0 0 28,054 0 0 28,054

1998 oy 0 9,539 14,236 0 23,775 14,23
Average -0 0 18,797 7,118 0 25,915 7,11

Pink . :

1997 16,508,557 .259,483| 2,100,727 77,6971 1,120,552] 20,067,016 1,198,24

1998 119,797,725} 268,633] 2,781,972 21,862 1,408,291 24,278,483 1,430,153
Average | 18,153,141 264,058] 2,441,350 49,780| 1,264,422 22,172,750 1,314,201
White ' o

1997 1,261,079 2,158,277| 1,189,966} 36,249,298 19,401,497| 60,260,117 55,650,795

1998 746,059 5,274,399 2,400,442]48,152,332] 17,525,344 74,098,576| 65,677,67
~ Average 1,003,569 3,716,388 1,795,204 42,200,815] 18,463,421 67,179,347 60,664,23
Rock , . .

1997 1,189,038 17,122 536,509 5,634 547,723 2,296,026 553,35

1998 3,429,676 84,655| 3,628,898 4,059 579,371 7,726,659 583,43
" Average 2,309,357 50,889] 2,082,704 4,847 563,547| 5,011,343 568,39
Other

Marine ,

1997 1,409,231 0] 325,008] 2,601,310{ 5,659,503|. 9,995,052| 8,260,813

1998 1,612,134 o - 272,371 1,369,060| 4,463,913 7,717,478] . 5,832,973
Average | 1,510,683 0 298,690] 1,985,185] 5,061,708| 8,856,265 7,046,893
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' 3.4.3 Offshore California
Recreational Finfish

In southern California an estlmated 958 people participated in 3,519 fishing trips.in 1996
(NMFS, 1997). The finfish catch reported for 1995 and 1996 were 4 771 ,722 pounds and
3,191,205 pounds, respectively (NMFS, 1997).

Cohzmercial Shrimp

Commercial shrimping occurs in the same general location as il and gas activities. Primary
species caught in offshore California waters are ridgeback and spot prawns. These two species
accounted for 5 percent of all the 1997 shrimp laridings in California. There were 450,189 Ibs of
spot prawn and 385,931 Ibs of ridgeback prawns landed in Southern California ports in 1997 (7%
DFG, 1998). Shrimping for ridgeback and spot prawns occurs in water depth between 50 fathoms
and 200 fathoms and outside state waters.

The CA Department of Fish and Game (CA DFG) records shrimp catch data in 6- by 10-
mile blocks. By' identifying the blocks that are within the species’ depth range and outside state
waters, shrimp catch can be expressed on a pounds per square mile basis. The depths were taken

from NOAA nautical charts and catch blocks were taken from Southern California Fisheries
Charts, provided by CA DFG. There were 44, 10-by-6 mile blocks that were identified as having
the 50- to 200-fathom depth range and existin g outside state waters. From these blocks, a

- shrimping area of 264,000 square miles was determined. Using the total pounds of ridgeback and

spot prawns reported in southcm ports, a catch rate of 3. 17 pounds of shrimp per square mile is:
used-in this analyms : :
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4. WATER QUALITY ASSESSMENT
4.1 Introduction

EPA based the methodologies for assessing both surface and pore water quality impacts
from the discharge of SBF-cuttings on the methodologies used to assess the discharge of water-
based fluids (WBFs) and associated cuttings (WBF-cuttings) for the offshore effluent 11m1tat10ns
guidelines (ELG). The methodology for the offshore guidelines is presented in Avanti
Corporation, 1993. Most of the studies related to discharges of cuttings at levels of adhered fluids
greater than the controlled SBF discharge levels under BAT and NSPS. However, there are
several major differences in the analyses, most notably the absence of bulk drilling fluid
discharges in the SBF guidelines. In the offshore ELG, these bulk discharges were a major
wastestream,and numerous existing drilling fluid characterization and transport studies were used
as sources of data for the water quality assessment: In the current SBF-cuttings discharge impact
~ analysis, surface water quality assessments rely on modeling data presented in a study (Brandsma,

1996) of the post-discharge transport behavior of oil and solids from cuttings contaminated with
oil-based fluids (OBF-cuttings). Due to the similar hydrophobic and physical properties between
'SBFs and OBFs, EPA assumes that above 5% retention, that dispersion behavior of SBF-cuttings
is similar to that of OBF-cuttings when discharged following shale shaker only (i.e. baseline
technology) treatment of cuttlngs However, at controlled discharge levels reflecting add on
(BAT) treatment the cuttmgs are expected to disperse similar to WBF-cuttings.

In addition, the offshore ELG only examined impacts in the Gulf of Mexico. For the SBF
guidelines, EPA considered the impacts in offshore California and Cook Inlet, Alaska separately
from the Gulf of Mexico. Although the analysis methodology does not change between regions, _
data used to conduct the water quahty assessment contaln certain assumptlons specxﬁc to each
- region, for example current speed = :

For the pore water quallty assessment the absence of bulk drilling fluid dlscharges gr eatly
affects the annual pollutant loadings. EPA applied the same methodology used for the offshore
ELG in assessing the effects of SBF ~cuttings discharges on porc water quality for the current -
industry practice and the discharge options. :

1 The analyses in this chapter are somewhat conservative due to the assumption that _
discharged pollutants immediately leach into the water column or into the pore water. In the water
column, total organic pollutant discharge concentrations are assumed to represent the soluble
concentration. Metals are assumed to leach immediately into the water column at pollutant-
specific amounts determined for mean scawater pH (as derived in Avanti Corporation, 1993; _
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Appendix C). In the pore water, pollutant-specific partition coefficients are used for organic
pollutants (from EPA’s IRIS) to determine soluble concentrations. The mean seawater leach
factors are used for metals in the same manner as used for the water column concentrations. For
both organic pollutants and metals, the total leached concentration is assumed to be immediately
available in the pore water at the ratio determined for mean seawater pH. - -

In general, the methodology consists of modeling incremental water column and pore water
concentrations and comparing them to EPA water quality criteria/toxic values for marine acute,
marine chronic, and human health protection. Additionally, EPA used the proposed sediment
guidelines for protection of benthic organisms to assess potential -impacts' from a group of select
metals in pore water (EPA, 1998ab). Note that all of these comparisons are performed only for
those pollutanfs for which EPA has numeric criteria. Those pollutants include 'priority and
nonconventional pollutants associated with the drilling fluid barite and with contamination by
- formation (crude) oil, but do not include synthetic base fluids themselves. Potential impacts from
synthetic base fluid compounds are described in Chapters 6 through 9 of this document.

4.2 Surface Water

To evaluate the relative water quality impacts of the current industry practice and
regulatory options, EPA estimates the water column concentration of pollutants present in SBF
drilling discharges under regulatory discharge options and compares them to Federal water quality -
criteria/toxic values. This comparative analysis applies only to those pollutants found in SBF
dlschargcs and for which EPA has published numeric criteria, as presented in Exhibit 4-1. Note
that there are no criteria for the synthetic-based fluid compounds themselves.

In order to determine the water column pollutaht concentrations, EPA used da‘ra regarding
the transport of discharged drill sohds and corresponding oil concentra’aon in the water column.
‘The study was performed by Braridsma (1996) and the data are published in the April 1996 E&P
Forum Summary Report No. 2.61/202. Because of the extensive North Sea use of oil-based
drilling fluids (OBF) and dlscharge of OBF-cuttmgs the E&P Forum sponsored the research
project to evaluate the modeled dispersemenit of treated Versus untreated OBF~cutt1ngs Following -
is a description of the Brandsma (1996) study from that E&P. repox“t :

Brandsma modeled the dlscharge of nine treatments of cuttings obtained from a North Sea
drlllmg platform to obtain: (1) a maximum deposition density (g/n?) of cuttings and oil; (2) water
column concentrations of suspended solids and oil; (3) the maximum thickness (cm) of cuttings

“deposited on the seabed; and (4) the seabed area (ha) that would achieve a 100 ppm oil content
threshold in the upper 4 cm or 10 cm of the sedlment
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Exhibit 4-1. National Recommended Water Quality Criteria For SBF Pollutants

) Marine Acute Marine Chronic Human Health
~ Pollutant Criteria Criteria Criteria
(ng/h _(ngh (pg/) (a)
Antimony 4,300
Arsenic 69 36 0.14 (b)
-} Cadmium 42 9.3

Chromium (VI) 1,100 " 50
Copper 4.8 3.1 :
Fluorene ' ' 14,000
Lead 210 8.1 '
Mercury 1.8 0.94 0.051
Nickel 74 8.2 4,600
Phenol ' - 4,600,000
Selenium 290 71 11,000
Silver 1.9
Thallium 6.3 .

| Zinc 90 81 69,000

(a) .Human health criteria for consumption of organisms only; risk factor of 10 for carcmogens
Source: EPA, 1999b.
(b) ‘Note: The revised water quality criteria list this criterion with the footnote that EPA is “reassessmg the

criteria for arsenic and will publish revised criteria as appropriate.”

The treatment technologies included: (1) no treatrnent (lab formulated control), @)
untreated cutttngs from shale shakers, (3) centrifugation, (4) solvent extractlon (5) thermal
treatment, and (6) water washing. The bulk densities of the cutting ranged from 1,830 g/l to 2,430
g/l; oil content for the six types of (,;thtings _ranged from 0’.02% (dry weight basis)‘to 19.'6%.

' The author 31mulated four 31tes in the North Sea: Southern (30 m water depth and depth—
, averaged root mean-squared current speed of 0.37 m/s); Central (100 m water depth and current
speed of 0.26 m/s); Northern (150 m water depth and current speed of 0.22 m/s); and
Haltenbanken (250 m water depth and current speed of 0.10 m/s).

“The Offshorc Operators Committee (OOC) drilling and production discharge model was.
used to simulate the concentrations and deposition of discharged cuttings. The OOC model
utilized a mlxtuw of 12 profile size classcs of mud and cuttings partlcles (with adsorbed oil) and
water. All other discharge conditions were ‘fixed. All discharges snmulatcd a 68.5-hour dlscharge
of 152 n# of cuttings from a 0.3 m diameter pipe shunted to a depth of 15.2 m below mean sea
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level. This cuttings volume is the volume expected from a single well section of OBF-cuttings.
Results presented are based on these 152 m® model efforts, however, results are scaled up to a 300
mr’ volume which was later determined by the project steering committee to be more representative
of actual OBF-cuttings volumes generated using OBFs (representing two well sections).

Hydrographic conditions were conservatively selected to maximize predicted cuttings
deposition on the seabed by chodsing the minimum water column stratification at each site. The
result is no density gradient at all sites but the Haltenbanken site, which exhlblted only a weak
(O 0016 kg/m/m) gradient.

- Water column results were determined at a radial distance of 1000 m downstream.. For
untreated and centrifuged OBF-cuttings, projected water column oil concentrations at 1000 m were
below maximum North Sea background levels at all four sites; all other treatments resulted in
projected 1000 m oil concentrations that exceeded maximum background levels (except through
treatment at the Haltenbanken site). The explanation for this apparent conundrum is that while
treatments other than centrifugation also reduce oil content (from an untreated level of 15.8%
[w/w] to a range of 0.3% to 5.1%), these treatments also generate cuttings with finer particle sizes.
Thus, according to the model, the untreated and centrifuged OBF-cuttings would not reach the 1000
m mark to the same extent that the treated OBF-cuttingS would bécause the finer particles created

by the treatment have lower settling velocities and are transported farther in the water column
(Brandsma, 1996).

Although Brandsma (1996) does not present oil concentration data for a radial distance of
100 m (the edge of the mixing zone established for U.S. offshore discharges by Clean Water Act
* Section 403, Ocean Discharge Criteria, as codified at 40 CFR 125 Subpart M), the study does
present data on suspended solids and oil concentration as a function of transport time. Using
current speeds representative of each geographic area (Gulf of Mexico; Cook Inlet, Alaska and
~ offshore California) and the transport times reported by Brandsma EPA derived the correspondmg '
oil concentrations and dllutlons at 100 m. For example, assuming a mean current spced of 15 cm/s
as representative of the Gulf of Mexico, a transport time of approx1mately 11 minutes is derived as
the time requltcd for the plume to reach 100 m (100 m/0.15 m/sec). Using data obtained from
Brandsma’s 1996 study, EPA conducted a regression analysis to determine the oil concentratlon at
 selected transport times. Based on the mean initial oil concentration of the 9 cuttings cases
presented in the study (5.5% in water-washed cuttings), the dilutions achieved can be estimated f01j
a selected time (i.c., distance) in the follbwing manner. The 5.5% (w/w) oil content converts to
55 g oil/kg wet cuttings. Based on a reported mean OBF-cuttings density of 2.050 kg wet
cuttmg,s/l the initial oil concentration of 112, 750 mg oil/l (55 g/kg x 2.050 kg/l) is used to
determine the dilutions achieved. For the Gulf of M exico example, the oil concentration at 11
minutes of 3.0 mg/l is used to calculate a 37,425-fold dilution (112,750 mg/3.0127 mg) at
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11 minutes (Bowler, 1999). As described above, 11 minutes represents the estimated time at
which the plume would reach the edge of the mixing zone at 100 meters.

Projected water column pollutant concentrations at the edge of a 100-m mixing zone are
calculated by dividing the drilling waste pollutant concentration by the dilutions available. The
- effluent concentrations for metals are further adjusted by a leach factor to account for the portion of
the total metal pollutant concentration that is dissolved and therefore available in the water
column. In terms of metal concentrations, this analysis is conservative in that it assumes that all
leachable metals are immediately leached into the water column.

Exhibit 4-2 summarizes the water quality analyses for Gulf of Mexico, Cook Inlet, Alaska,
and offshore California water column pollutant concentrations at 100 m from SBF-cuttings
discharges. The results show that no exceedances of any Federal or state water quality criteria or
standards are expected using current technology or the discharge option.

4.2.1 Gulf of Mexico

Appendix 4-1 compares the projected pollutant concentrations for Gulf of Mexico
discharges of SBFs with the Federal water quality crlterla under the discharge scenarios for
baseline and the two BAT discharge options. For ‘this analysis, and all subsequent water quallty
and pore water quality analyses in this report, the zero discharge option is not presented in tabular
form. Because no drilling wastes are discharged under the zero discharge option, there are no
water quality criteria concerns to assess.

. The water column pollutant concentrations for all four model wells (deep water
) exploratory, deep water development, shallow water exploratory, and shallow water
- development) are the same within each dlscharge scenario. This occurs because only the total
dlscharge volume for each of the model wells varies, not the dlscharge rate or individual pollutant
‘concentrations. The reader should also note that in the exhibits found in Appendix C, only the most
stringent water quality criterion is listed for cach pollutant. Any exceedanccs of water quality
crltcrla are detailed in the footnotes of each table
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When comparing the Federal water quality criteria to the SBF concentration in the water
column at 100 meters from the discharge, no exceedances of any of the Federal water quality
criteria occurred for any model wells in the Gulf of Mexico using the current technology, nor under
either the discharge or zero discharge options.

4.2.2 Cook Inlet, Alaska

For the Cook Inlet analysis, EPA compared pollutant concentrations resulting from an
estimate of the discharge of SBF-cuttings to both Federal criteria and state water quality standards
because the discharges occur in state waters. -The Alaska standard for “toxic and other deleterious
organic and inorganic substances” states that “individual substances may not exceed criteria in
EPA, Quality Criteria for Water (ADEC, 1999). A sﬁmtnary of applicable Alaska standards for
- waters classified as marine waters for growth and propagation of fish, shellfish, and other aquatic
life, and wildlife are presented in Exhibits 4-3. Enforceable Alaska state water quality standards
are summarized in EXhlblt 44.

EPA determined the dilutions for assessment of compliance with water quality criteria and
standards using the same methodology as for the Gulf of Mexico analysis. - A current speed of
40 cm/sec was used (EPA Region 10, 1984), resulting in a transport time of 4.2 minutes to reach
the edge of the 100-meter mixing zone. The midpoint oil concentration from Brandsma (1996) at 4
 minutes is 11.8 mg/l. This concentration is a 9,551-fold dilution from the initial discharge
concentration-of oil (112,750 mg/l), (Bowler, 1999).

The current operating practice in Cook Inlet, Alaska is zero discharge of SBF-cuttings.
 Since there are no impacts to surface waters, a numerical analysis was not conducted. For the

- discharge options, Appendix 4-2 presents the water column concentrations of pollutants at 100
meters from the discharge point and compares them to Federal water quality criteria and Alaska
_ state standards. Under either of the discharge options, there are no exceedances of the Federal

. crlterla or state numerical standards in Cook Inlet, Alaska.

4.2.3 Offshore California

For the offshore California analysis, EPA compared pollutant concentrations resuiting from
an estimate of the discharge of SBF-cuttings in offshore California waters to Federal water quality
criteria to determine compliance with these guidelines. EPA determined the dilutions for
- assessment of compliance with water quality standards using the same methodology as for the Gulf
of Mexico analysis. A current speed of 30 cm/sec was used (MMS, 1985), resulting
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Exhibit 4-3. Applicable Alaska State Water Quality Standards

Toxics and Other Deleterious Orgamc *  Individual substances may not exceed EPA Quality

and Inorganic Substances Criteria for Water.

+  No toxic substances in water or sediment that cause toxic
effects on aquatic life.

*  Substances may not impart undesirable odor or taste in -
fish or other organisms, as determined by bioassay or
organoleptic tests.

Petroleum Hydrocarbons, Oils and *  Total aqueous hydrocarbons (TagH) < 15 pg/l in water
Grease . column.

' «  Total aromatic hydrocarbons (TAH) < 10 pg/l in water
column.

*  No concentrations in sediments that cause effects to
aquatic life. -

»  Water and shoreline must be free from floating oil, film,
sheen, or discoloration:

Residues (floating solids, debris, sludge, *  No acute or chronic levels as determined by bioassay or

deposits, foam, scum, or other residue) "~ other methods.

. *  No film, sheen, or discoloration of water or shorelines.

* No leaching of toxic substances.

+  No sludge, solid, or emulsion deposited beneath or upon
the surface of the water, within the water column, on the
bottom, or upon adjoining shorelines.

Human Health Not to exceed 107 lifetime incremental cancer risk level.

Whole Effluent Toxicity No chronic toxicity (expressed as <1.0 chronic toxic units

’ [100/No effect concentration (NOEC)]) at discharge point or
at mixing zone (if allowed) based on minimum effluent -
dilution achieved in the rnixiug zone,

~ Source: Aldska Department of Environmental Conservauon 1999. 18 AAC 70 Water Quahty Standards As
T amended through May 27, 1999. 56 pp.
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Exhibit 4-4. Enforceable Alaska State Standards under the Clean Water Act
(in ug/l, unless otherwise noted)

Pollutant ' Maﬁne Marine " Human
Acute Chronic Health (10)

Naphthalene_ v 2,350 NA NA

. Fluorene_ NA NA NA
Phenanthrene na NA NA
Phenol 5,800 NA 300
Cadmium 43 9.3 {~a

i Mercury 2.1 0.025 0.146
Antimony NA NA 45,000
Arsenic 69 36 50
Beryllium NA NA 641 ng
Chromium IIT 10,300 NA NA
Chromium VI - 1,100 50 NA
Copper 2.9 4.0 NA

{read 140 5.6 NA
Nickel 75 7.1 100
Selenium 300 71 NA
Silver 123 _ NA NA
Thallium P 48.0
Zinc 95 150 NA |

Source: Petrazzuolo, 2000
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resulting in a transport time of 5.5 minutes to reach the edge of the 100-meter mixing Zone. The
midpoint oil concentration from Brandsma (1996) at 5 minutes is 8.7 mg/l. This concentration is a
12,909-fold dilution from the initial discharge concentration of oil (112,750 mg/1), (Bowler,
1999).

“The current practice in offshore California is zero discharge of SBF -c‘utti'ngs. Since there
are no impacts to surface waters, a numerical analysis was not conducted. For the discharge
options, Appendix 4-3 presents the water column concentrations of pollutants at 100 meters from
the discharge point and compares them to Federal water quality criteria. Under either of the
discharge options, there are no exceedances of the Federal water quality criteria in offshore
California. ' . '

43  Sediment Pore Water Quality

EPA calculated sediment pollutant levels based on the assumptioh of a uniform distribution
of the annual mass loadings of pollutants from model operations into a defined area of impact. -
Using the derived sediment pollutant concentrations, EPA assessed sediment pore water quality.

A summary of the pore water quality analyses for discharges of SBF-cuttings in the Gulf of
- Mexico, Cook Inlet, Alaska, and offshore California is presented in Exhibit 4-5.

431 Gulf of Mexico

To assess the pore water quality impacts of the discharge of SBF-cuttings on the benthic
, envu'onment EPA determined the pollutant concentrations in the pore water for cach model well
~and each discharge scenario at the edge of the 100-meter mixing zone. EPA uses 100 m as the

- edge of the mixing zone established for U.S. offshore discharges by Clean Water Act Section 403,

- Ocean Discharge Criteria, as codified at 40 CFR 125 Subpart M. EPA then compared these

proj ected pore water concentrations of pollutants from the SBF-cuttings to Federal water quahty
. criteria to determine the number of exceedances and the magnitude of each exceedance Following
isa detalled explanation of the methodology used to assess pore water quality. '

The pore‘Watcr quality analysis of the offshore Effluent Limitations Guidelines
characterized sediment pollutants through a number of field surveys of both exploratory and
development operatlons These surveys predommantly measured sediment barium content, which
was considered the best marker for assessing transport and fate of the particulate fraction of water-
based drilling fluids. In this current environmental assessment, EPA again assessed field surveys
‘but the sediment concentration of synthetic base fluid was considered the most reliable marker of

- SBF-cuttings transport. After publication of the proposed SBF rule, EPA received
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additional survey data and compiled sediment synthetic base fluid concentration data from 17
wells. Eleven wells were drilled in the North Sea and six in the Gulf of Mexico. If the survey
data did not include data fOr_é 100-m sampling location, EPA linearly extrapolated the existing
data points'to 100 m. A summary of the 100-m sediment synthetic base fluid concentrations is
presented in Exhibit 4-6. Data from all the sampling transects presented in a given survey are
included in the analysis. Because concentrations were averaged over different transects per well,
that is, not consistently down current, the resultant synthetic base fluid concentration represents the
average concentration found at any given point 100 m around a well as opposed to the maximum
(i-e., down current) concentration. Given the reported depths and discharge volumes of the
studies, the calculated average concentration most closely represents current practlce for a Gulf of
Mexico shallow water exploratory model well.

In order to determine SBF-cuttings pollutant concentrations for other model well types,

EPA assumed that the relative concentrations or proportions between the base fluid and other
pollutants as found in the SBF are maintained after discharge and transport. Therefore, to project
the sediment concentration of each pollutant, EPA multiplied the ratio of each pollutant to the
synthetic base fluid by the average 100-m base fluid concentration (9,718 mg synthetic/kg for the .
- shallow water exploratory model well; see Exhibit 4-5). For each model well, this factor is
further adjusted to account for the varying total amount of oil (synthetic plus formation oil) -
discharged under Baseline and the two discharge options.. For example, EPA determined that the
shallow development well would discharge only 47.7% of the oil as the shallow exploratory well
under Baseline. Therefore, the sediment pollutant concentrations for the shallow development
well are 47.7% of those for the shallow exploratory well. For the deep wells under BPT Baseline

(using the shallow water exploratory well as 100%), these factors are 160.6% and 72.2% for
~ exploratory and development well pollutants, respectively. Appendix D presents the ratios of the
model wells under the two discharge options.

The sediment pollutant concentrations are converted into pore water con'céntrations For
metals, the mean‘seawater leach factors of trace metals in barite are used. For organic pollutants, .
pamtlon coefﬁmcnts are used to prQ]ect pore water concentrations, Partition coefficients estimate
the ratio of sediment to pore ‘water concentration as the product of the fraction of organic carbon
(f,c) and the octanol-water partition coefficient (Kqy). For sediments, the K,,, = the partition
coefficient for organic particle carbon (K,,). Therefore, Ky = £ * K. Both the f..and K, uéec_l_ ;
for this analysis are presented in Exhibit 4-7 and are based on the offshore environmental analysis
V(Avanti Corporation, 1993). The leach factors and partition coefficients are summarized in
Exhibit 4-7. The sediment concentration multiplied by the pollutant specific leach factor or
Jinverse of the partition coefficient results in the amount of pollufant available in the pore water..
To calculate the interstitial (pore water) concentration of each pollutant, the available pollutant -
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Exhibit 4-6. Summary of Synthetic Base Fluid Concentrations at 100 Meters

Study Depth Base Fluid Conc. at 100 m for all
Data Source Site/Location (m) Type Transects (mg/kg) (a)
Candler et al., 1995 N 39,470
MPI-895; E: 153
Gulf of Mexico 39 PAO - S: 2,010
W: 494
Daan et al., 1996 K14-13; ° . .
North Sea 30 Ester N: 200
‘| Smith and May,1991 in ‘Ula7/ 12-9; 67 Ester SW: 46,400
Schaanning, 1995 North Sea SE: 97
Gjes, 19952 in SW: <1
Vik et al., 1996a . . Nw: <t
Tordis Well, 181-218 PAO E: 229
North Sea
S: 12
NE: 15,990
Gjes. 1995bin - Loke Well; '
Vik etal, 1996 North Sea 76-81 Bster 6.
Sleipner A Well; : 622
North Sea 76 - 81 Ester 68
Sleipner @ Well; , '
North Sea - Ester 3,850
Gjes, 1992 & 1993 in | Gyda 2/1-9; 20 Bther SW: 420
| Vik et al., 1996a North Sea SE: 200
' Ula 2/7-29; & Acetal SW: 24,833
Feldstedt, 1995 in North Sea ¢ SE: 10,000
Vik et al., 1996a — )
' . NE: 550
Ula 7/12-A6; ’ ! - SE: 256
North Sea 67 Acetal SW: 643
NW: 67
Fechhelm, et al., 1999 Mississippi _ . NW:,NA .
1997 Study . : SE: 3,731
: Canyon, 565 PAO/Ester .
Gulf of Mexico [ NE: 187,345
_ SW: 5,792
(a) More than one value per well represents values from-different sampling transécts.
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Exhibit 4-6. (Continued) Summary of Synthetic Base Fluid Concentrations at 100 Meters

' Study Depth Base Fluid | Conc. at 100 m for all
Data Source Site/Location (m) Type Transects (mg/kg) (a)
Neffet. al., 2000 N:0
UKOOA well; 150 E W
North Sea ster S:0
' W:0 -
NW: 1,942
Neff et al., 2000 UKOOA well, ‘ .
North Sea 185 LAO SE: 2.9
Unocal Public Vermillion 38 NE: 0
Comments (Well 2); 12 E: 1,356
Gulf of Mexico ' SE: 50
Unocal Public Vermillion 38 , SW: 58
Comments (Well 3); 12 S: 45
' Gulf of Mexico )
Unocal Public Vermillion 38 E: 74
Comments (Structure B); 12 NE: 50
Gulf of Mexico NW: 14,546
Unocal Public ' - - NW: 0
Comments _Vermllhon 38_ W: 17
(Structure M); 12 P
Gulf of Mexico N:0
NE: 59
Average concentration at 100 meters (represents a Gulf of Mexico shallow 9,718
water exploratory model well) :
Average concentration at 100 meters (excluding the 6 shallowest
discharges; represents Cook Inlet, Alaska and offshme California shallow 13,052
water exploratory model well) -

(2 More than one value per well represents values from different sampling transects.

sediment concentration is multiplied by the dry weight of sediment in a Im x 1m x 0.05m unit
volume and divided by the volume of water per unit volume of sediment. Based on the offshore
Environmental Assessment, the dry weight of sediment equals 35.5 kg and the volume of pore
‘water approximated from a dry sediment specific weight of 2 g/ml is 32.5 1 (Avanti Corporatlon

1993).

The calculated pore water concentratlom of pollutants are then compared to their
respective EPA marine water quality criteria to determine the nature and magnitude of any
projected water quality exceedances. Appendix 4-4 presents the pore water quality analyses and
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Exhibit 4-7. Trace Metal Leach Factors and Organic Pollutant Partition Coefficients

Trace Metal Mean Seawater Leach Factor
Cadmium 0.11
Mercury ', - 0.018
Arsenic | 0.005
Chromium - 0.034
Copper - . 0.0063
Lead ) 0.02
Nickel 0:043
Zine | 0.0041
Barium ‘ "0.0021

* ffIron ' 0.13
Orgénic Pollutant 7 ' K. _ f,. g:;gi::::;
Naphthalene 1,995 | 0.63% | . 0.0796
Fluorene | | 3900 | 0.63% |  0.0407
Phenanthrene 14,000 | 0.63% [ - 0.0113
Phenol : ' 14 0.63% 11.34

" Source: Offshore Environmental Assessment (Avanti Corporation, 1993).

comparisons to the EPA water quahty criteria for Gulf of Mexico discharges from wclls usmg the -
current and discharge option technologies.

432 Cook Inlet, Alaska and Offshore California

To assess the pore water quality impacts for Cook Inlet, Alaska and offshore California, .
'EPA again used the synthetic base fluid concentrations presented in Exhibit 4-6 to estimate the
concentration of synthetic fluids at 100 meters from the discharge. Due to the increased energy and
depth of Cook Inlet and foshoré California, six of the studies in Exhibit 4-6 were eliminated from
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the calculation of the average synthetic base fluid concentration at 100 meters. All of the
eliminated studies included discharges in less than 40 meters total water depth (Candler et al.,,
1995, Daan et al., 1996, and all of the Unocal public comment wells).

The resulting average base fluid concentration at 100 m (13,052 mg/kg) is used to calculate
the pore water concentrations of individual poliutants in synthetic fluids for a shallow water
expldratory-model well. As for the Gulf of Mexico analysis, the concentration of base fluid at 100
meters is multiplied by the proportion of total oil discharged relative to a shallow exploratory
well to calculate the other model well type pollutant concentrations. These resulting concentration
at'100 meters for each pollutant is multiplied by the pollutant-specific leach factor for metals or
divided by the partition coefficient for organic pollutants to derive pore water pollutant
concentrations.

EPA projects that only development wells will be drilled in both Cook Inlet, Alaska

~ (shallow only) and offshore California (both shallow and deep). EPA does not project the drilling
of any exploratory wells in these areas, and for this reason model results concerning exploratory
wells are not shown. Operators in Cook Inlet, Alaska and offshore California currently cannot
discharge SBF-cuttings and water quality impacts, including pore water, are not presented for the

“Baseline. The pore water pollutant concentrations for the two discharge options are compared to
Federal water quality criteria and Alaska state standards in Appendixes 4-5 and 4-6 for Cook
Inlet, Alaska and Offshore California, respectively. :

4.4 Sediment Guidelines for the Protection of Benthic Organisms
- An additional method for assessing potential benthic impacts of certain metals is EPA’

' proposed sediment guidelines for the protection of benthic organisms (EPA, 1998b). These
proposed guidelines are based on an _equlhbrlum_ partitioning (EqP) approach to determine

» ~ guidelines based on “numerical concentrations for individual chemicals that are applicable across

the range of sediments encountered in practice.” The EqP sediment guidelines (ESG) for the six
* metals copper, cadmium, nickel, lead, silver, and zinc account for the additive toxicity effects of '
these metals. They are derived by two procedures: (a) by comparing the sum of the metal’s molar

. concentrations, measured as simultancously extracted metal (SEM), to the molar concentration of ‘
acid volatlle sulfide (AVS) in scdlments . ‘

% [SEM) S,"[AVS] |

-or (b) by compar ulg the measurcd mtcrstmal water [i.c., pore water] concentratlons of the metals
to water quality ctiteria final chromc values (F CVS)
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Zi M, 4J/[FCV; 4] <1 |

for the i™ metal with a total dissolved concentration (M; 5). Meeting one or.both of these
conditions indicates that benthic organisms should be acceptably protected.

For this environmental analysis, the second (interstitial water guideline) method is used to
assess potential impacts. The pore water concentrations presented in section 4.3 are used for the
following analyses. The sum of the interstitial water concentration:FCV ratios for the six metals is
calculated for each of the model wells. A summary of the results of the ESG analyses is presented
in Exhibit 4-8. Appendix 4-7 presents the ESG analysis for Gulf of Mexico wells for baseline and
the discharge options. Appendixes 4-8 and 4-9 present the analysis for Cook Inlet, Alaska and
offshore California model wells, respectively, under the dischargé options.

The shallow water exploratory, deep water exploratory, and deep water development
‘model wells in the Gulf of Mexico fail to meet the sediment guidelines under baseline, with .
concentration:FCV ratios ranging from 1.1 to 2.4. Under the discharge options; all of the model
wells meet the guideline. For Cook Inlet, Alaskfa and offshore California, the deep and shallow
development model wells pass the guidelines under either of the discharge options.
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5. HUMAN HEALTH RISKS
5.1 Ihtroduction

' This pbrtion of the environmental analysis presénts the human health-related risks and risk
reductions (benefits) of current BPT baseline technology and the two discharge regulatory options
for the Gulf of Mexico and Cook Inlet, Alaska geographic areas. EPA does not project that any
offshore California wells will be drilled using SBFs based on industry information provided to
EPA after publication of the NODA. Industry projections of SBF usage show that SBFs would not
be used for drilling wells in the offshore California area, even under a controlled discharge
option. Therefore, human health impacts are not presented for offshore California. However,
should industry praé_tices change so that SBFs would be used, EPA has modeled impacts resulting
from drilling one shallow water and 11 deep water development wells in offshore California.
Based on the modeling results, no human health impacts are prOJected in offshore Caleornla
(results are presented in Appendlx 5-1).

_ EPA based the health risks and benefits analysis on human exposure to carcinogenic and
noncarcinogenic contaminants through consumption of affected seafood; specifically,
recreationally-caught finfish and commercially-Caught-shrimp. EPA used seafood consumption
'~ and lifetime exposure duration assumptions to estimate risks and benefits under each of the
discharge scenarios for the three geographic regions where the discharge of SBF-cutting’s will be
affected by this rule. The analysis is performed for those contaminants for which bioconcen-
tration factors, oral reference doses (RfDs), or oral slope factors for carcinogenic risks have been
established. Thus, the analysis considers contaminants associated with the drilling fluid barite and
with contamination by formatlon (crude) 011 but does not cons1der thc synthetic base compounds
- ~themselves

5.2 ,Recreational Fisheries Tissue Concentrations

Exposufe of recreational finfish to drilling fluid contaminants occurs through the uptake of
dissolved pollutants found in the water column Instead of using the water column pollutant
- concentrations at the edge of the mixing zone (as for the water quality analyses), EPA calculates an |
" average water column concentration of each pollutant for the area within a 100-m radius of the
discharge. The 100 m edge of mixing zone was established for U.S. offshore discharges by Clean
Water Act Section 403, Ocean Discharge Criteria, as codified at 40 CFR 125 Subpart M. As
described in Chapter 4, Brandsma’s 1996 study was used to determine base fluid concentrations at
specified distances from a dischar‘gé point. Also as presented in Chapter 4, Brandsma does not B
provide concentmttons as a function of distance, but.rather as a function of time. Therefore, to
calculate an average concentration WIthm 100 m, the time 1cqu1rcd for transport to the cdgc of the
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mixing zone was calculated as the quotient of the distance to the edge of the mixing zone and the
current speed (100 meters/current speed, in m/sec). Based on this transport time, equal time
intervals (and therefore radial distances) were chosen to create a series of base fluid
concentrations at vafying radii across the total radius of the mixing zone. These concentrations
were used to calculate the dilutions achieved at these distances using the method described in
Chapter 4 (section 4.2). The average dilution for the area within 100 meters was derived from
these estimated dilutions between the discharge point and the 100-meter boundary. The base fluid
concentrations from Brandsma (1996), the calculated dilutions, and the average dilutions used are
. presented below in the discussions for each geographic region.

The average dilution available within 100 m is used to determine the ambient bioavailable
concentratlons of pollutants associated. with the SBF within the effluent plume by multiplying the
average number of dilutions by the respective initial pollutant concentrations. For metals, these
pollutant concentrations are further adjusted by leach factors to account for the amount of the metal
dissolved, and therefore, bioavailable. These dissolved metals remain in the part of the plume that
is diluted in the water column instead of settling to the seafloor with the larger solids. This
resulting exposure concentration of SBF pollutants characterizes only the area within the discharge
plume. Within the mixing zone, however, the water column also contains “uncontaminated”

- waters. Thus, for the exposure of finfish within the 100-m mixing zone, the effective exposure
concentration is the exposure concentration adjusted by the volumetric proportion of the total
water column that contains the discharge plume. This volumetric proportion represents the
proportion of time that exposure would occur assuming the fish have an equal probability of being
present (and therefore exposed) anywhere in the entire cylinder that makes up the mlxmg zone.
This proportion is determmed in the following manner:

exposure proportion .= discharge plume volume/water column volume
' discharge rate (m’/min) * t; (time to reach 100 m;‘min)/‘n:rzh

where:

discharge rate = 25.1 m¥/day (= 0.0175 n¥/min)

tr = 100 m/current speed (m/sec)
r =100 m
h = depth affected by the plume, which = fall velocity * tr;

where fall ve1001ty 0.015 m/sec (Delvigne, 1996)

, The effective exposure concentration of each pollutant is multiplicd by this exposure
proportlon and bya pollutant-spemﬁc bioconcentration factor (BCF) to yield the tissuc
concentration of ¢ach pollutant in ﬁnﬁsh on a mg/kg basis. Pollutant—-spcmﬁc BCFs used for this
analysis are presented in Exhibit 5-1. These calculated tissue concentrations represent a potential
upper esumatc_of contamination for fish contained within a 100-m_ radius of a discharge of SBF- .
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Exhibit 5-1. Pollutant-Specific Bioconcentration Factors

Pollutant BCF (Ikg) (a)
Naphthalene 426
Fluorene - 30
Phenanthrene 2,630
Phenol 14
Cadmium 64
Mercury 5,500
Antimony S 1 -
Arsenic : 44
Beryllium ' » 19
Chromium 16
Copper 36
Lead , 49
Nickel . 47
Selenium ‘ 4.8
Silver 0.5
Thallium . - 116
Zinc ' L - 47
Aluminum - ' . o231

(a) There are no BCFs for specific SBF compounds.
Source: Offshoré Environmental Assessment (Avanti, 1993)

cuttings. The following sections provide the geographic region-specific input parameters for the

tissue concentration calculations. The calculations and resulting finfish tissue pollutant

. concentrations are presented in Appendix 5-2 for the Gulf of Mexico and Appendix 5-3 for Cook
Inlet, Alaska. '

5.2.1 Gulf of Mexico

Thc transport time for dlscharges in the Gulf of Mexico is based onal5 cm/sec current

speed (MMS, 1989), rcsultmg in an 11 minute estimation for the plume to reach 100 meters. The .

time intervals used for the average dilutions within the mixing zone and the extracted base fluid -
concentration data from Brandsma (1996) are presented in Exhibit 5-2. The tissue concentrations
are presented in Appendix 5-2 for baseline and the discharge options.’

5.2.2 Cook Inlet, Alaska

, The transport time for discharges in Cook Inlet, Alaska is based on a 40 criy/sec current
speed (EPA Region 10, 1984), resulting in a 4.2 minute estimation for the plume to reach 100

EPA COOK_INKPR 005672



5-4

Exhibit 5-2." Calculation of Average Dilutions within Gulf of Mexico Mixing Zone

Time (t; min.) ’ 1 3 | s 7 9 b 11 | Aw
Base fluid concentration
76.7 174 8.7 5.5 4.0 3.0
@ t (mg/l) |
Imtl_al base fluid content in 112,750
cuttings (mg/1) _
Calculated Dilutions 1,470 6,.477 12,90 -20,33 28,54 37,425 17,859
: . 9 1 3

Source: From data provided for Figure 2, Brandsma (1996).

meters. The time intervals used to calculate the average dilutions within the mixing zone and the
extracted OBF concentration data from Brandsma (1996) are presented in Exhibit 5-3. '

The calculations for determining the finfish tissue concentrations including the calculations
of the proportion of the plume impacting Cook Inlet, Alaska mixing zones are presented in
Appendix 5-3 for the discharge options. Current practice in Cook Inlet, Alaska is zero discharge
of SBF-cuttings so baseline impacts are zero and were not modeled. |

5.3 Commercial Fisheries Shrimp Tissue Concentrations

EPA based projected shrimp tissue concentrations of pollutants from SBF discharges on
the uptake of pollutants from sediment pore water. The pore water pollutant concentrations are
based on the assumption of even distribution of the total annual SBF discharge over an area of
impact surrounding the model well. The area of impact was determined using the 11-well

-synthetic fluid sediment concentration data described in section 4.3.1. For each distance from the
well, the corresponding sediment concentrations of synthetlc base fluids were averaged and
plotted (see Exhibit 5- 4)

Based on a log:lo‘g regression of these data, the distances to various concentrations of
synthetic base fluids were determined (i.e:, order of magnitude sediment concentrations ranging
from 1 mg/kg to 100,000 mg/kg). A study by Berge (1996) observed the environmental effects

- (faunal changes) of treated OBF-cuttings on a natural seabed. Based upon the analyses provided in
- Berge (1996), a no effect threshold was set at 100 mg/kg. The radial distance to that sediment
concentration (772 m as determined in Exlublt 5- 4) results inan assomated impact area of 1.9 km
which is used for the cma]yses presented in thls section,

EPA COOK_INKPR 005673



5-5

Exhibit 5-3. Calculation of Average Dilutions within Cook Inlet, Alaska and Offshore
California Mixing Zones

Time (t; min.) | 1 2 3 4 5 Avg.
Base fluid concentration '
: 76.7 30.1 17.4 11.8 8.7
@ t (mg/l) - .
Initial base fluid concentration
in cuttings (mg/l) | 112,750 |
Calculated Dilutions 1,470 § 3,747 | 6,477 ' 9,551 | 12,909
Alaska (4.2 minutes) ' 5,311

Source: From data provided for Figure 2, Brandsma (1996).

~ While Berge indicates the usage of a 1,000 mg/kg threshold can be determined from data in
the study, the analyses are confounded by the statistical necessity of combining the data set into
low and high synthetic base fluid content groupings for the analyses. The low synthetic base fluid
content group was composed of cuttings treatments that resulted in residual base fluid levels of
150 mg/kg and 990 mg/kg. Thus, Berge also offers that the no effect concentration.found in the
experiments ranged from 150 ppm to. 1,000 ppm of base fluid in sediment. For this analyses,
therefore, a no effect threshold of 100 mg/kg is used.

In order to calculate the discharge pollutant distribution over the 1.9 knr? impact area, the
following assumptions that were applicable in the Environmental Assessment for the.offshore

effluent guidelines are used for this current SBF assessment (Avanti Corporation, 1993):

Te Sediment depth affected =5 om

-+ Unit volume sediment affected = 0.05 n?
. Density of sediment = 710 kg/n?
. Mass of unit volume sediment = 35.5 kg
. Volume of water in unit volume of sediment = 32.5 liters
« ' Impact radius = 772 m; impact area = 1.9 km?
. Sediment mass = (impact area * sed. depth * sediment density) =
1.9 x 106 m? * 0.05 m * 710 kg/n? = 6.745e+07 kg '

. Average pollutant concentration (mg poll. / kg'sed.) = poll. loadings / sed. mass
-« Shrimp tissue concentration = (avg. poll. conc.) * (leach factor or partition coeff.™') *

35.5 kg sediment/32.5 | water * (BCF) * (% lipids).
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Exhibit 5-4. Arithmetically-Averaged Concentration Data

100000

13

3

i

J 10

0.1 i | ]
10 100 1000 10000 100000
Radlal Distance from Dlscharge (m)

Regression Output: Regression Equation: X (m) y (mg/l) - Impact
X Coefficient(s) -1.5267 y=1.5267*x+14.7567  (distance) (conc,) Area
Std Err of Coef: - 0350 8 100,000 © 0 0.0002
Constant: 14.7567 _ 38 10,000° 0.004
Std Err of Y Est: 1.350 ' 171 1,000 0.1
R Squared: 0.679 772 100 1.9
No. of obsérvations: 11 ' : , 3,490 10 i 38

Degrees of freedom: 9 ¢ o 15,768 1 781

The above aésumptions are used to calculate the average pollutant concentrations in pore
water at any point within the well impact area. The calculations of these sediment pollutant
concentrations for Gulf of Mexico SBF-cuttings discharges are presented in Appendix 5-4. To
obtain the pollutant concentrations in shrimp tissue, the pore water concentration is multiplied by a
" pollutant-specific BCF, and is adjusted for a shrimp lipid content of 1.],%‘(Avé1nti Corporation,
'1993). The bioconcentration factors used in the current analysis are listed in Exhibit 5-1. The
following sections (5.3.1 through 5.3.3) present the input parameters for calculating the shrimp
tissue 'poliutzInt concentration for Gulf of Mexico under the BPT baseline and for all the
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geographic areas (Gulf of Mexico and offshore California) under each of the discharge options.
‘The shrimp tissue concentrations do not serve as endpoints for this analysis, but rathet are used for
estimating the health risks presented in section 5.5 of this chapter. The results of the analysis for
Offshore Callforma are presented in Appendix 5-1.

531 Gulf of Mexico

The concentrations of pollutants in shrimp tissue are presented in Appendix 5-4 for Gulf of
Mexico model wells under BPT baseline and the two controlled discharge options. Only shallow
water wells are considered for shrimp impact analysis because shrimp are harvested mainly from
waters potentially affected by drilling discharges from shallow water development and
exploratory model wells.

5.3.2 Cook Inlet, Alaska

Shrimp harvesting by trawling or pot fishing by any fishermen, including subsistence and

Native Americans is prohibited in Cook Inlet, Alaska by the Alaska Board of Fisheries due to
inadequate information regarding the biology and stock status of shrimp in Cook Inlet waters
_(Beverage, 1998). This ban includes Native Americans as well Emergency Orders (AK Rule 2-S-
H-11-96 and AK Rule 5 AAC 31.390; AK Dept. of Fish & Game, 1998) were issued for Inner
" Cook Inlet and Outer Cook Inlet in 1996 and. 1997, respectively. A previous rule prohibiting
shrimp harvesting in Inner Cook Inlet dates back to 1988. There is currently no evidence that these
orders will be lified in the near future. Therefore, human health effects from exposure to
commercial shrimp harvests were not analyzed for Cook Inlet, Alaska SBF-cuttings discharges.

5.4  Noncarcinogenic and Carcinogenic Risk - Recreational Fisheries

* The concentration of pollutants in finfish tissue is used to calculate the risk of
honcarcinogcnic and carcinogenic (arsenic only) risk from ingestion of recreationally-caught fish.
For this analysis, the 99" percentile intake rate of 189.9 g/day (uncooked basis) for consumption
of fish caught in Cook Inlet, Alaska and 139.3 g/day for fish caught in either California or the Gulf
of Mexico are used as.the exposure for high-end seafood consumers in the general adult population
(Tudor, 2000). This analysis is a worst case scenario because the seafood consumcd is assumed
to consist only of contammated finfish. '

v For noncarcinogenic risk evaluation, the tissue pollutant concentration (mg/kg) is

" multiplied by the consumption rate (mg/kg/day) for a 70 kg individual. This value is compared to
the oral reference dose (RfD) to determine the hazard quotlcnt (HQ) for each pollutant in
accordance w1th the following equations:

\
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CDI/RiD

- HQ
where .
HQ hazard quotient (unitless)

CDI = chronic daily intake (mg/kg/day)

, RfD = reference dose (mg/kg/day)
and
CDI = (IR*TPC)/BW
where
IR = intake rate (0.177 kg/day)
TPC = tissue pollutant concentration (mg/kg)
BW = body weight (70 kg)

The RfD is based on the assumption that thresholds exist for certain toxic effects to occur. These
thresholds are estimates of a daily exposure to humans that is likely to be without an appreciable
risk of deleterious effects during a lifetime. Therefore, if the hazard quotient is less than or equal
"to one, toxic effects are considered unlikely to occur. The oral RfDs used in this analysis are from
EPA’s Integrated Risk Information System (IRIS) database (EPA, 1998c) and are summarized in
Exhibit 5-5. For those pollutants without a published oral RfD, no hazard quotient is calculated.

To calculate the carcinogenic risks, the slope factor as provided by IRIS is used to
estimate the lifetime excess cancer risk that could occur from ingestion of contaminated seafood.

The cancer risks are calculated in accordance with the following equations:

CR =CDI*SF

where ,
CR = cancer risk (unitless)
CDI = chronic daily intake (mg/kg/day)
SF . = slope factor (mg/kg/day)’!
( CDI =(IR *TPC * EF * ED) / (BW * AT)
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Exhibit 5-5. Oral Reference Doses and Slope Factors

Pollutant ~ Oral RiD Slope Factor
| (mg/kg-day) (mg/kg-day)” (a)

Napththalene _ ©2.00e-02 ' NA
Fluorene 4.00e-02 NA
Phenol o 6.00e-01 NA
Cadmium , 1.00¢-03 ‘ NA

Mercury . - 3.00e-04 . NA -
- Antimony E 4.00e-04 ' NA

Arsenic 1 3.00e-04 1.50e+00
| chromium _ 3.00e-03 NA
Nickel - | 2.00e-02 ~ NA
Selenium =~ ~ 5.00e-03 NA
| sitver 5.00e-03 . NA
- { Thalliom . 8.00e-05 - NA
Zine o ©3.00e-01 NA

_ Barium . 7.00e-02 NA .
(a) NA indicates that a slope factor is not available for that pollutant; there are no slppe factors for

. specific SBF compounds.
" Source: ' EPA, 1998b; Intregrated Risk Information System (IRIS).

where

IR = intake rate’(0.1393 kg/day used in the Gulf of Mexico and offshore
: California analyses and 0. 1899 kg/day for the Cook Inlct Alaska
.. analysis)
-TPC. = tissue pollutant concentratlon (mg/kg)
EF = exposure frequency (365 days/yr)
"ED" = exposure duration (two exposure durations cons1dered in thls ana]ysw
30 years and 70 years)

BW = body welght (710kg). .
AT . avcraglng tlme (70 year lifetime * 365 days/yr)

For thls analysxs only arsenic has a slope factor available for estimation of the llfctlmc excess

~ cancer risk. The risk calculations for arsenic are pcrformcd considering a 30-year exposurc .
period and a 70-year exposure period. For the purposes of this analysis, a risk level of 1x lO i
consldeled to be acceptablé. |
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Exhibit 5-6 présents a summary of the health risks from ingestion of récreationally—caught

. finfish from around SBF-cuttings discharges under current technology and the discharge option.
Current practice in Cook Inlet, Alaska and offshore Califomnia is zero discharge of SBF-cuttings,
so there health risks are zero for these geographic areas (California analysis is presented in
Appendlx 5-1). For Cook Inlet discharge options and Gulf of Mex1co baseline and discharge
options, none of the hazard quotients exceed 1. Therefore, toxic effects are not predicted to occur.
Also, all of the lifetime excess cancer risks are less than 10 and are, therefore, acceptable.

5.4.1 Gulf of Mexico

The noncarcinogenic and carcinogenic health risks for Gulf of Mexico recreational
fisheries are presented in Appendix 5-2 for baseline and the two controlled discharge options.
Based on the 99™ percentile consumption rate, the hazard quotients for nbncarcinogenic risks and
the lifétime excess cancer risk estimates for carcinogens (arsenic) are well below the acceptable
risk levels adopted by -the Agency for this analysis.

54.2  Cook Inlet, Alaska

» The noncarcinogenic and carcinogenic health risks for Cook Inlet, Alaska recreational
fisheries are presented in Appendix 5-3 for the discharge options. Because current practice in

- Cook Inlet, Alaska is zero discharge of SBF-cuttings and there are no human health impacts, the .

baseline is not presented . Based on the 99" percentile consumption rate, the hazard 'quotients for

p noncarcinogenic risks and'the lifetime excess cancer risk estimate for carcinogens (arsenic) are

well below the acceptable risk levels adopted by the Agency for this analysis under the two

controlled discharge options. -

.85 ,Noncarcinoge_nic and Carcinogenic Risk - Commercial Shriiﬁp

To calculate the noncarcinogenic and carcinogenic health risks for commcréial shrimp, the
methodoldgy is the same as that used for recreational finfish. However, instead of calculating-an
effective exposure concentration that describes the portion of the water affected within the nuxmg
zone, the exposure is adjusted by the amount of the total commermal shrimp catch affected. ThlS is
- estimated by prorating the total potential exposure (total catch) by the portion of the total shrlmp _
catch affected by the well type being analyzed. The shrimp catch is assumed to occur evenly over
the area occupied by the species harvested. As calculated for the offshorc effluent gu]delmes
. ‘Environmental Assessment, the total catch is divided by the populatcd area to yield a catch density
in Ibs/mi? (Avanti Corporation, 1993). This catch density is multiplied by the arca affected for
cach model wcll under current teclmology and the discharge
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option (number_of wells * 1'.9 km?) and divide'd by the total catch to calculate a percent of the catch
affected by the SBF- cuttings discharge. ‘Only shallow water model wells are used in this
assessinent due to the limited shrimp harvesting that occurs in water depths greater than 1,000 feet.

7 Exhibit 5-7 presents a summary of the health risks from ingestion of commercially-caught'
shrimp. Details of the calculations of these risks are found in Appendix 5-4. None of the hazard
quotients exceed 1. Therefore, toxic effects are not predicted to occur. Also all of the lifetime

- excess cancer risks are less than 10 and are, therefore, acceptable.

5.5.1 Gulfof Mexico

- Under baseline, there are 91 development wells (86 existing and 5 new soufce) and 51
existing exploratory wells in Gulf of Mexico shallow waters (< 1,000 ft). Under the discharge
options, there are 132 (124 existing and 8 new source) development wells and 74 exploratory
wells in Gulf of Mexico shallow waters. The catch impacted in the Gulf of Mex1co is calculated -
in EXhlblt 5-8.

These percentages of catch affected are used to adjust the intake calculations assuming that

individuals would consume seafood from the entire Gulf harvest and exposure would be

_proportional to the amount of the total catch affected. Details of the estimated noncarcinogenic and
carcinogenic risks are presented in Appcndlx 5-4 for Gulf of Mexico commercial shrimp affected
by the current technology and the discharge options. - Based on the 99" percentile consumption rate
of 139.3 g/day, the hazard quotients for noncarcinogenic risks and the lifetime excess cancer risk -
estimate for carcinogens (arsenic) are well below the acceptable risk levels adopted by the
Agency for this analysis (see Exhibit 5-7).

552 VCo,ok"Iﬁlet, Alaska

~ As presented in Section 5.3, 2 shrunp harvestmg by trawlmg or pot ﬁshmg is prohibited in
Cook Inlet, Alaska by the Alaska Board of Fisheries due to inadequate information regarding the
biology and stock status of shrimp in Cook Inlet waters (Beverage, 1998). “Therefore, human
health effects from exposure to commerclal shrlmp harvests were not analyzed for Cook Inlet
" Alaska SBF-cuttlngs discharges. ' : ‘
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" Exhibit 5-7. Summary of Shrimp Health Risks

“Gulf of Mexico
Pollutant Development . ' ~ Exploratory
BAT . BAT L BAT - BAT
Baseline Option 1 Option 2 Baseline Option 1 Option 2
' 99% Percentile Hazard Quotient (a)
Naphthalene - 5.82e-07 2.86e-07 2.63e-07 | - 6.84e-07 3.36e-07 3.09¢-07
Fluorene - 5.72e-09 | 2.81e-09 ' 2.58e-09 6.72¢-09 3.30e-09 |. 3.04e-09
1 Phenol 3.20e-11 1.57e-11 1.44e-11 3.76e-11 1.85e-11 | '1.70e-_ll
Cadmium ' 3.54¢-07 1.74e-07 1.60e-07 4.16e-07 | = 2.04e-07 1.88¢-07 |
Mercury 1.51e-06 7.41e-07 6.81e-07 1.77e-06 8.71e-07 8.01e-07 ||
Antimony 8.47¢-08 4.16e-08 3.82¢-08 9.956-08 '4.89¢-08 ‘ 4.50e-08
Arsenic 2.38¢-07 | 1.17e-07 .1.07e-07 _ 2.80e-07 1.37¢-07 1.26e-07
| Chromium | 1.99¢-06 9.77e-07 8.98e-07 2.34¢-06 1.15¢-06" 1.066-06
Nickel 6.24¢-08 | 3.06e-08 2.81e-08 7.33¢-08 3.60e-08 3.31e-08
Selenium i '6.28-6—09 3.08¢e-09 2.83e-09 7.37e-09 3.63¢-09 3.33e-09
Silver .- . 14.].-.66-10 2.04e-10 1.88e-10 4.89¢-10 2.40e-lb 2.21e-10
|| Thaltium 1.03¢-06 | 5.08¢-06 | 4.67e-06 | 1.21e-05 | 5.97e-06 [ 5.49¢-06
Zinc 5.89¢-09 |  2.89¢-09 2.66c-09 | 6.92¢-09 | 3.38e-07 |  3.13e-09
Lifetime Excess Cancer Risk (b) '
Arsenic _ ' ‘ R .-
30-yr 2.04e-11 1.00¢-11 9.21e-12 2.40e-11 1.18e-11 1.08e-11
exposure 4.76e-11 | 2.34e-11 o 2.15e-11 5.59-11 | = 2.75e-11 |  2.53e-1 1
70y - . : ' 1 -
exposure _ A
(@  Only pollufants for which there is an oral RfD are preéénted in thissimimary.ta_b_le,
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Exhibit 5-8. Calculation of Shrimp Catch Impacted in the Gulf of Mexico

Baseline 7 BAT Discharge Options

~Development Exploratory Devglopment' Exploratory

Number of Wells 91 51 132 74
Area Impacted (km?) '
(1.9 kel 172.9 96.9 250.8 140.6
Catch Rate (lIbs/m®) () | 10,850
Total Catch Affected 724,310 405,932 1,050,648 588,999
(lbs) ’ -
Total Catch (Ibs) 165,604,330 .
% of Total Catch " 0.437% 0.245% 0.634% 0.356%
Affected : } , .

(é) : The catch rate calculation is presented in Appendix A.
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- 6. TOXICITY

6.1 Introduction*

This chapter presents information EPA has reviewed concerning the determination of
toxicity to the receiving environment of various synthetic base fluids and the formulated synthetic-
based drilling fluids (SBFs). This information includes data generated for toxicity requirements
imposed on North Sea operators as well as experimental testing conducted by the oil and gas
- industry in the United States. Because the synthetic base fluids are water insoluble and the SBFs
do not disperse in water as water-based drilling fluids (WBFs) do, but rather ‘tend‘to sink to the
bottom with little disperéion, most research has focused on determining toxicity in the sedimentary
phase as opposed to the aqueous phase.

. Since1984, EPA has used an aqueous phase toxicity test to demonstrate compliance with

NPDES permits for the discharge of drilling fluids and drill cuttings. Thls aqueous phase test
measures toxicity of the suspended particulate phase (SPP), and is often called the SPP toxicity
test (see “Drilling Fluid Toxicity Test” 40 CFR 435, Subpart A, Appendix 2). SBFs have
routinely been tested using the SPP toxicity test and found to have low toxicity (Candler et al.,
1997). Rabke et al. (1998a), have recently presented data from an interlaboratory variability study
indicating that the SPP toxicity results are highly variable when applied to SBFs, with a coefficient
of variation of 65.1 percent. Variability reportedly depended on such things as mixing times and
the shape and size of the SPP preparation containers. As part of the coastal effluent guidelines
effort, published in December 1996, EPA identified the problems with applying the SPP toxicity
‘test to SBFs due to the insolubility of the SBFs in water (EPA, 1996). , |

~ North Sea testmg protocols require monitoring the toxicity of fluids using a marine algae _

- (Skeletonema costatum) a marine copepod (Arcartia tonsa) and a sediment worker (Corophzum

volutator or Abra alba). The algae and copepod tests are performed in the aqueous. phase '

whereas the sediment worker test uses a sedlmentary phase. Again, because the SBFs are

hydrophobic and do not disperse or dissolve in the aqueous phase, the algae and capepod tests are

only considered appropriate for the water soluble fraction of the SBFs, while the sediment worker
test is considered appropriate for the insoluble fraction of the SBFs (Vik etal, 1996a). As with -

 the aqueous phase algae and copepod tests, the SPP toxicity test menttoned above is only relevant

to the water soluble fraction of the SBFs (Candler et al., 1997). '

Both industry and EPA 1dentlﬁed the need for more appropriate toxicity test methods for
- aqseeqmg 'the relative toxicities of various SBFs. EPA conducted a toxicity study that evaluated
the usé of sediment tcstmg with the amphipod Leptocheirus plumulosus as a test organism. The
- study was also conducted to determine the toxicity of five basc fluids and to determinc the effects
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whole drilling fluid composition on the toxicity of a base fluid. Industry provided EPA with the
result of several additional studies in which tests were conducted to determine appropriate test
organisms; to assess the use of formulated sediments as a dilution sediment; and to ascertain the
appropriate test duration for determination of discriminatory péwer between the toxicity of
individual base fluids and between the toxicity of individual base fluids as compared to the
toxicity of diesel. Industry provided over 50 bench reports from contract laboratories that support
an abbreviate acute test and assess the use of formulated sediment. Industry also submitted several
- unpublished draft reports are not summarized in this EA because the tests did not meet acceptable
testing requirements and comprised primarily range-finding data.

Final data presented by industry and EPA have shown that the abbreviated acute toxicity
“test of 96 hours increases the discriminatory power between the toxicity of individual SBFs and
between the toxicity of SBFs and diesel. Both EPA and industry data have indicated that esters are
the least toxic followed by I0, LAO and paraffins. These data also indicate toxicity for all base
fluids tested and variability within individual tests both increase with increased test duration.
'Industry data indicate that a suitable 100%-formulated sediment for dilution sediment has yet to be
developed. The toxicity data on SBFs and SBF base fluids are summarized in Exhibit 6-1 and
Exhibit 6-2. In addition, each of the studies is summarized below. :

6.2  Summaries of Reports Cbntaining SBF-related Toxicity Information

The following two papers presented essentially the same data on Ampelisca abdita and
Corophuim volutator. However, Still and Candler (1997) presented additional data not included
by Candler et al., 1997. Therefore, we have included a summary of both papers.

Candler, J., R. Herbert and A.J.J. Leuterman. 1997. Effectiveness of a 10-day ASTM Amphipod
o Sediment Test to Screen Drilling Mud Base Fluids for Benthic Toxicity. SPE 37890.

- The authors rcported the results of a study sponsored by M-1 Drlllmg Fluids. _The study
evaluated the use of the ASTM sediment toxicity test method E1367-92 for determlnm g the toxicity
base ﬂmds used for SBFs and OBFs. The base fluids tested were a diesel oil (DO), an enhanced
mineral oil (EMO), lincar parafﬁn (LP), an internal olefin (10) and a polyalphaolefin (PAO). The
tests were conducted with two marine amplupods, Ampelisca abdita and Corophium volutator
- The tests were conducted in two phases: 1) whole fluid was used to determine the range of toxicity
to A. abdita and 2) base fluid was used in definitive tests to determine 10-day LC50 values for |
both test species. Chcmlcal analyses for Total Petroleum Hydrocarbons (TPH) were used to
determine actual exposure concentrations of the highest concentration of each test. For Phase 1 of
the study, the amphipods wére exposed to two concentrations (5,000 and 10,000 mg whole fluid/kg
dry sediment). Ranking for toxicity, from njost tdxiq-to least toxic, at 5000 mg/kg sediment was;
DO and EMO (zero percent survival in both tvests),v PAO (11 % survival), 10 (32% survival), and
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LP (44% survival). Rankings at the 10,000 mg/kg sediment level, from most to least toxic, was:
DO and EMO (0% survival), LP (8% survival), PAO (11% survival), and IO (25% survival).
For Phase 2, the amphipods were exposed to definitive concentrations of a DO, EMO, IO and
PAO. The toxicity ranking of the SBFs and OBFs were based on 10-day LC50 values. Those
LC50 values, presented in decreasing toxicity (increasing LC50 values) for A. abdita tests were:
EMO with an LC50 value of 557 mg/kg of sediment, DO with an LC50 value of 879 mg/kg, 10
‘with an LC50 value of 3,121 mg/kg, and PAO with an LC50 value of 10,690 mg/kg. The LC50
values for C. volutator were: DO (840 g/kg), EMO (7,146 mg/kg), IO (>30,000 mg/kg), and PAO
(>30,000 mg/kg). The authors stated that the study proved that the ASTM E1367-92 test methods
and both of the test species can be used as screening tool for use with synthetic base fluids.

Still, I. and J. Candler. 1997. Benthic Toxicity Testing of Oil-Based and Synthetic-Based
Drilling Fluids. Eighth International Symposium on Toxicity Assessment. Perth,
Western Australia. 2_5—3 0 May 1997.

A two phase sediment toxicity study was conducted to examine the applicability of -
established sediment toxicity test methods for synthetic base fluids and SBFs. Du-ring‘ Phase I, the
 marine amphipod Ampelisca abdita was tested with one drilling fluid formulation dosed

- individually with the following five base fluids: a diesel oil (DO), an enhanced mineral oil

" (EMO), a linear paraffin (LP), an internal olefin (I0) and a polyalphaolefin (PAO). Testing during
Phase I served as rangefinders, with test concentrations of 5,000 and 10,000 mg drilling fluid/kg
dry sediment. Enhanced mineral oil and diesel were the most toxic for both-concentrations. The

. toxicity ranking (most toxic to least toxic) for the SBFs at 5,000 mg/kg were PAO, 10 and LP. The
toxicity ranking (most toxic to least toxic) for thé SBFs at 10,000 mg/kg were LP, PAO, and 10.
For Phase II, definitive sediment toxicity tests were conducted. LC50 values were determined for
EMO, DO, 10 and PAO base fluids, using four marine amphipods: Ampelisca abdita, Corophium

volutator, Rhepoxynius abronius, and Leptocheirus plumulosus. For Ampelisca abdita, the

toxicity rankmg (most toxic to least toxic) and corresponding LC50 values were: EMO (5657

- mg/kg); DO (879 mg/kg); 10 @3, 121 mg/kg); and PAO (10 680 mg/kg). For Corophzum volutator,

. the toxicity ranking (most toxic to least toxic) and corresponding LC50 values were DO (840
mg/kg); EMO (7,146 mg/kg); 10 (>30,000 mg/kg); and PAO (>30,000 mg/kg). For Rhepoxynius:
abronius the toxicity ranking (most toxic to least toxic) and corresponditig LC50 values were: DO

(24 mg/kg); EMO (239 mg/kg); 10 (299 mg/kg); and PAO (975 mg/kg) I‘or Leptochezrus '

plumulosus the toxicity ranking (most toxic to
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Exhibit 6-2. Minimum and Maximum LC50 Values for New Sediment Toxicity Data Presented as
Comment Response on Either the Proposed Rule (12/99) or the Notice of Data Availability (4/00) for
Effluent leltatlons Guidelines for the Oil and Gas Extraction Point Source Category

Minimum and Maximum LC 50 Values (mg/kg)
96-h LC 50 10-day LC 50
Base Fluid- Minimum Maximum Minimum Maximum
Diesel NS* NA NA 343 NA
7765 o 34004 ,
" 892¢ 1133¢. 585¢ 951°
703% 138° 635°
Diesel FS? 255° 374° 157¢ 312
450" - 703" 495" 495"
Ester NS 7686" 21824¢ 4275¢ | 10,219
, >12,800° 8743%
Ester FS 27,9860 2816
IONS 5874° 6306° 464° . 2501°
2675 >8000¢ 2416 . 2530°
10,306° 19,522 1988¢ 5270¢
27,269" 37,035" - 2075" 16,131" -
" IOFS <500° ~2624° <500t _
3128 17,501° 626° 1422¢
" 2289" 5913" - -
_Paraffin NS - - e 1047¢
o 226304 IO
32415 " 600> 1233
LAONS - 2050 | 407
' 9301 2921 1065¢ | - 1207¢
28410 707" |
" 333
.

® one data point reported . '
¢ reported by Commenter IT1.B.b.9 Pubhc Comments PR
4EPA unpublished data
¢ Commenter A.a.13 NODA
* "Commenter A.a.30 NODA
8 Formulated Sediment
" Commenter A.a.29 NODA
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least toxic) and cbrresponding LC50 values were: EMO (251 mg/kg); DO (850 mg/kg); 10 (2,944
‘mg/kg); and PAO (9,636 mg/kg). These results were ranked against the UK Offshore Chemical
Notification Scheme (OCNS), which includes sediment testing as well as biodegradation and
bioaccumulation in the ranking procedure. Using the OCNS classification, the results of this study
ranked the based fluids, from most toxic to least toxic, as: diesel, enhanqed mineral oil, IO and
PAO. '

‘Rabke S. et al. 1998a. Interlaboratory Comparzson of a 96-hour Myszdopszs bahia Bioassay
Using a Water Insoluble Synthetic-Based Drilling Fluid. Presented at 19th Annual
Meeting of Society of Environmental Toxicology and Chemistry. Charlotte, NC 1998..

The authors conducted an interlaboratory variability study with six different laboratories
using the SPP toxicity test with a synthetic-based drilling fluid (SBF). The purpose was to
.determine the variability associated with this test method when applied to SBFS A subsample of
an internal olefin SBF was shipped to the individual laboratories where the SPP test was .
conducted. Results were reported in ppm (vol:vol) of SPP and ranged from 221,436 to
' _>1,000,000 ppm. The coefficient of variation was 65.1 %.

Rabke, S. and J. Candler. 1998b. Development of Acute Benthic Toxicity Testing for
Monitoring Synthetic-Based Muds Discharged Offshore. Presented at IBC Conference on
Minimizing the Environmental Effects of Offshore Drilling, Houston Texas, February 9,
1998.

The authors used the ASTM E1367-92 method to determine the toxicity of synthetlc-based
drlllmg fluids (SBFs) and oil-based drilling fluids (OBFs) to the marine amphlpods Ampelzsca
.abdita and Leptocheirus plumulosus. The authors examined the variability of the test, including
variability due to test organisms. The authors used formulated sediments in place of natural .
sediments to evaluate their use in marine sediment tésting Howeéver, concurrent tests were

- conducted using natural sediment as a control. The test species were exposed to varymg

concentrations of diesel oil (DO), polyalphaoleﬁn (PAO) and internal olefin (I0). The authors
concluded that using formulated sediments and whole fluids decreased the usefulness of the test
method as a screening tool; PAO synthetic-based drilling fluids éppeared to be as toxic as diesel
in the whole fluid/formulated sediment test; and forn;ulated sediment gave acceptable control
survival although it reduced the disc:hﬁinatory power of the tests, The results of the study are
 presented in Exhibit 6-1. | = - | |

Jones, F.V., J.H. Rushing and M.A. Churan. 1991. The Chionic Toxicity of Mineral Oil-Wet
and Synthetic-Wet Cuttings on an Estuarine Fish, Fundulus grandis. SPE 23497.

The‘ authors detérm.ined_ the toxic effects of 'cuttingsv associated with a mineral oil-based
drilling fluid (OBF-cuttings) and a poly alpha oelfin (PAO) synthetic-based drilling fluid (PAO- _
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SBF-cuttings) to an estuarine fish, the mud minnew, Fundulus grandis.‘ Unaltered cuttings were
dried and crumbled to a uniform state and divided in half. The cuttings were then hot rolled with

. the appropriate amounts of each drilling fluid to obtain concentrations of 1%, 5%, and 8.4% oil
on wet cuttings, based on retort measurements. Before distributing the fish in test containers, the . '
fish were anesthetized with 2.5 ppt quinaldine, then measured for weight and length. The fish were
allowed to recover in fresh seawater before placement in test containers. Contaminated cuttings
were layered (approximately 3.8 cm thick) into tanks, then covered with seawater. Each tank
received seawater flow at a rate of 28.5 ml/2 minute intervals. The fish were exposed for a total
of 30 days. Fish were randomly removed from each tank on Day 15 for length and weight '
measurements. The authors also sacrificed the fish for bioaccumulation measurements ; no data
were provided in this paper. (However, see Chapter 7 for a discussion of Rushing et al., 1991, a '
companion paper containing procedural details.) At Day 30 the remainﬁlg fish were measured for
weight and length. The authors concluded that neither the mineral oil-based nor synthetic-based
drilling fluids affected growth of the fish based on percentage growth. However, the overall
growth of the control and 5% PAO-SBF cuttings-exposed fish at Day 15 and Day 30 were
significantly greater than fish exposed to all other treatments.

Vik, EA S. Dempsey, B. Nesgard 1996a. Evaluation of Available Test Results from -
Environmental Studies of Synthetic Based Drilling Muds. OLF Project, Acceptance
Criteria for Drilling Fluids. Aquateam Report No. 96-010.

The authors provided a summary for tests conducted with unused base fluids and whole
SBFs. However, the authors did not cite sources for the data, leaving one to assume the work was
conducted by their laboratory The authors state that the North Sea test organisms were a marine
valgae (Skeletonema costatum), a marine copepod (Acartia tonsa), and a sediment worker _
»(Corophium volutator, or Abra alba). The authors consider that algae and copepods are relevant -
for the water soluble fraction tests and sediment workers are relevant for testing the non-soluble
fraction. The authors further state that the algae has been the most sensitive of three spemes in
’controlllng the tox101ty of dlscharged ﬂulds ' ‘

Hood, C. I 997. Unpubltshed Data Recezved By J. Daly, EPA July 9,1997 from
C. Hood Baker Hughes INTEQ '

~ Unpublished data was prov1dcd prior to the proposal by Ms. Cheryl Hood of Baker Hughes
INTEQ, on the toxicity of four sytithetic-based drilling fluids (SBI‘S) to the mysid, Myszdopvzs '
bahia and the amphipod, Leptocheirus plumulosus. The 96-h LC50 for the mysids ranged from-
14,600 to >500,000 ppm SPP and the 10-d LC50 for the amphipod ranged from 943 to 4498 mg
- SBF/kg dry scdlmcnt

Hood, C.A., Baker Hughes. 2000. Letter to K. lerkavong EPA trans*mlﬂmg copies of foxzc:ty
Feports. 3/7/00 Aﬂachmem‘c (Recmd No. lHI.B.b.8)
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Thirty-one sediment toxicity tests were conducted with synthetic base fluids and the

amphipod Leptocheirus plumulosus. The studies were conducted to increase the data base on

- sediment toxicity of selected SBFs using the10 day acute toxicity tests with base fluids and
amphipods and to experiment with the use of formulated sediment as a diluent sediment. As a
result of the initial tests, abbreviated acute tests with base fluids and amphipods were conducted
for a duration of 96 hours. This abbreviated acute test has been used by industry in an attempt to

~ decrease in the variability in existing 10-day tests as well as increased discriminatory power
between toxicity of individual base fluids and toxicity of the base fluids compared to the toxicity
of diesel fluid. ’ '

Of the 31 different tests submitted, 12 of these tests report both 96-hour and 10-day test
results. Of the 31 tests submitted, 25 were conducted with five different IOs as the base fluid. -

* Within these five IOs, replicate testing-was conducted to compare results from formulated
sediment tests to results from natural sedlment tests as well as to examine the inherent variability
of whole sediment testing with SBFs. The testmg to examine the variability was conducted with
natural sediment. The results show that for all of the abbreviated acute tests, the formulated
sediment testing generated a lower LC50 values (more toxic) than the tests conducted with natural
sediment. In two of the three tests where the formulated sediment tests were continued out to the

~ standard 10-day exposure, the results between formulated and natural sediment tighten to less than
a 2-fold difference between the LC50 values. Results of repeat testing were within standard intra-
laboratory varlablllty of 2-fold between LC50 values. Results from the 10- -day exposure period
compared to the abbreviated acute tests indicate that the base fluids became more toxic to the
amphipods with time with LC50 values for the 96-hour tests up to as much 13 times as great’as for
the 10-day test. Using the discriminatory power between base fluids and diesel (LC 50 of base

fluid/L.C50 of diesel), the data indicated up to a 3 fold increase in toxicity, as related to diesel,

- from the 96-hour tests to the 10-day tests (Exhibit 6-3). The discriminatory power results between

- diesel and base fluids with tests conducted with formulated and natural sediment show an increase

in toxicity for tests conducted with formulated sed1ment These d1scr1n11natory power data for the

formulated sediment tests ranged from 3.210 6.0 (hlgher the value the greater the difference) and

- from 6.5 to 7.0 for the natural sediment tests. Discriminatory power results between base fluids
(LC 50 of best performing base/L.C 50 of other base. ﬂulds) indicate that the 96-hour tests results in

- LC 50 values closer together than the tests carried out to 10 days. These intra-base fluid '

discriminatory power for the 96-l1our tests ranged from 1.1t0 1.7 and for the 10-day tests ranged

from 2.2 to 4.1.

API/NOIA. 2000. Moran, Robert, National OCean Industries Association, Re: Nattonal Ocean
Industries Association, American Petroleum Institute, Offshore Operators Committee, and-
Petroleum Equipment Suppliers Association Comments on “Effluent Limitations
Gwdelmes Jor Oil and Gas Extraction Point Source Category,” Proposed Rule 65 FR
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- 21548 (April 21, 2000) 6/20/00. Attachment 18 Sediment Toxicity Reports; 6/15/00.
(Record No. IV.A.a.13)

These19 sediment toxicity tests were conducted with the amphipod Leptocheirus
plumulosus and provide both comparative abbreviated acute (96-hour) and 10-day data as well as
comparative formulated sediment (FS) and natural sediment (NS) data. These data were generated
for 4 base fluids, 10, ester, PAO and diesel. Of these 19 tests, only one set of FS/NS tests were
conducted with the PAOQO, with the remaining tests conducted with the diesel and I0. Results from
these tests demonstrate that the FS-tests generate a lower LC50 than the tests conducted with NS, in
all cases. The maximum difference between FS and NS tests was 4-fold and was seen in tests
with both diesel and 10 base fluids. This trend continued in the 10-day test as well. The 96-hour
and 10-day tests indicate that the lethality of the base fluid to the amphipod continued throughout
- the exposure period; the 10-day LC50 values were as much as 11 times lower than the
corresponding 96-hour LC50 values. Although the control survival of the amphipods in the FS
was well within acceptable limits, the usefulness of this type of sediment is limited because of
material availability and quality as well as the need for 10% addition of natural sediment into the
formula. Diécriminatory power for all base fluids as compared to diesel indicated greater
differences between diesel and base fluid toxicity for the 96-hour tests than the 10-day tests -
(Exhibit 6-3). The discriminatory values for the 96-hour tests ranged from 2.7 for the PAO tests to
88 for the ester tests. The discriminatory power the 10-day tests ranged from 1 for the PAO to 11
for the ester. In most cases the discriminatory power for the formulated sediment tests was higher
than the discriminatory power for the discriminatory tests for the sediment test (Exhibit 6-3).
Comparisons of discriminatory power between base fluids indicated a ranking of toxicity from
least toxic to most as Ester, 10, and PAO: (Exhibit 6-4).

‘Candler, John, M-I L.L.C., Efﬂitent Limitations Guidelines for the Oil and Gas Extraction Point
' Source Category; Addendum 1. 6/29/00. Attachment 6: Enwronmental Lab Report
Benthzc Toxicity Evaluation Uszng L. plumulosus. -

These bench data reports are frorh 13 sedlment tox1cnty tests conducted with two basc ﬂUIdS
an IO and diesel, and the amphipod Leptocheirus plumulosus These tests were conducted with
_ formulated sediment and gener ated LC50 values using only the. abbrev1ated 96-hour exposute
period. The 96-hour LC50 values for the 10 ranged from 2,289 mg base fluid /kg dry sediment to
5,913 mg/kg. The 96-hour LC50 values for the diesel ranged from 450-703 mg/kg. The range of
results for both groups of tests were w1tlun thc acceptablc confines for intra-laboratory variability.

Snl/meadow Inc. and Environmental Enferpmses USA, -Inc. BPA chfocheu Us plumulovm
toxzcu‘y test res'ults' (Record No. I VA a. 30) ‘

This document pr0v1ded tesults from concurrent 96-hour and 10-day sedlmcnt t0x1c1ty tests
conducted with three types of synthctlc base fluids and the amphipod Leptocheirus plumulosus.
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As with the previous reported test results, the 96-hour LC50 values were consistently higher, as
~much as 3 times higher, as the 10-day LC50 values, indicating increasing toxicity of the base fluids

to the amphipods over time. Discriminatory power analysis indicated a greater differences

between diesel toxicity and base fluid for the 96-hour tests than the 10—day tests (Exhibit 6-3).

Ditthavong, K., EPA. 2000. Data EPA Research PrOJect Files Emazlea’ fo R. Mom‘gomery
Avanti Corporation. 6/15/00. (Record No. IV.F.11)

EPA conducted a researc_h-prOJ ect to determine the toxicity of five base fluids and evaluated

the effect of whole drilling fluid composition on the toxicity of three of the five base fluids. The -

five base fluids tested were an IO, an LAO, two esters, and a parafin. EPA also used the IO, one
of the esters; and the LAO as the base fluids for the whole drilling fluid study. The EPA study also
evaluated interlaboratory variability by conducting concurrent tests at the EPA Research Lab in .
Gulf Breeze, Florida and a contract laboratory in Sequim, Washington. EPA also evaluated the
abbreviated acute test (96-hour exposure) by conducting these 96-hour tests concurrently with the
10-day tests. As with other studies presented in this document, the results ranked the toxicity of the
base fluids from least to most tox1c as esters-IO-LAO-parafin.

In all but one case the 96-hour tests indicated less toxicity than the 10-day tests. In most
* cases the results between EPA and the contract laboratories were within the standard 3-fold
interlaboratory variability. Because of reporting techniques of the whole drilling fluid study,
actual effects of whole drilling fluid composition on the toxicity of the base fluid were difficult to
determine other than to rank the fluids from least to most toxic. As with the base fluids this ranking
was ester-IO-LAO. The whole fluid test evaluated only the ester and IO to the longer 10-day
period. Again the ester was the least toxic as compared to the I0. Discriminatory power analysis
between base fluid and diesel toxicity indicated greater differences for the 10-day tests as -

- compared to the 96-hour tests. Dlscrlmmatory power analysis between base fluids mdlcated a
’ tox101ty ranklng of ester, 10, and LAOQ, from least to most toxxclty
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6.3 Summary

Since the original EA for the proposed SBF guidelines, both EPA and industry have _
conducted studies to evaluate the sediment toxicity of SBFs. Industry’s initial attempt to examine
different test organisms yielded a series of range- ﬁnder data that lead to the use of the amphipod
Leptochelrus plumulosus-as the primary test orgamsm Induslry also examined the use of
formulated sediments. Results of testing formulated sediments and estuarine organisms appeared
to be more difficult than expected and industry, although continuing rese€arch on the issue, has
suspended further testmg with formulated sediments. Both EPA and mdustry s data have lead to
the following assumptlons on the tox1c1ty of SBF.

e The rankin_g for the SBF toxicity from least toxic to most is esters-I0s-LAOs-PAOs-

paraffins.

. Although formulated sediments appear to indicate more discriminatory power between
individual base fluids, control mortahty continues to be a problem with 100% formulated
sediments. : '

. The abbreviated acute test of 96 hours increases discriminatory power between individual

SBFs, however they are not to true measurc of SBF toxicity.

. The toxicity of SBFs appear to increase with time (in comparlson of a 96-hour exposure to a
10-day exposure).
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7. BIDACCUMULATION
7.1 Introduction

One factor considered in assessing the potential environmental inipacts of diseharged
drilling fluids and drill cuttings is their potential for bioaccumulation. This chapter presents
information concerning the bioaccumulation of oleagmous base fluids, mcludmg the synthetic base
fluids and mineral oil. :

- The information that EPA identified was provided by oil and gas operators and by oilfield
chemical (drilling mud) suppliers. Much of this information is in the public domain. However
only a minimal amount can be found in peer reviewed pubhcatlons Most of the available
information has been developed by mud suppliers to provide mformatlon to government regulators
to assess the acceptability of these materials for discharge into the marine environment. In
response to EPA’s request for additional data on the bioaccumulative potentlal of SBFs in the
Notice of Data Avallablllty (21548 FR 65), EPA recelved a short review from the API/NOIA
Industry Consortium (Moran, 2000)

7.2 Summary of Data

The available information on the bioaccumulation potential of synthetic base fluids is scant,
comprising only a few studies on octanol:water partitioh coefficients (P,,) and thiee on tissue
uptake in experimental exposures [only one of which derived a bioconcentration factor (BCF)].
The P,,, represents the ratio of a material that dissolves or 'diSperses in octanol (the oil phase)

* versus water. The P, generally increases as a molecule becomes less polar (more hydrocarbon-
like). The available information on the bioaccumulation potential of synthetic base fluids covers
four'types of syntheties anester (two studies), internal olefins (I0; four studies), and poly alpha
~ olefins (PAO; five studies). One study included a low toxicity mineral oil (LTMO) for -
comparative purposes. This limitation w1th respect to the types of synthetlc base fluids tested is
partially mitigated by the fact that these materials represent the morc common of synthetlc base
fluid types currently in.use in drllhng operations.

These limited data suggcst that synthetic base fluids do not pose a serious bioaccumulation
- potential. Despite this general conclusion, existing data cannot be considered sufficiently -
extensive to be conclusive. This caution is specifically appropriate given the wide variety of
chemical characteristics resulting from marketing different formulations of synthetic fluids (i.e.,
carbon chain length or degree of unsaturation within a fluid type, or mixtureS of different fluid
types) Additional data should be obtained both for the purpose of confirming what is known .
about existing fluids and to ensure completencss and currency with new product dcvclopmcnt
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The data that EPA identified concerning the bioaccumulation potential of synthetic base
fluids are summarized in Exhibit 7-1. Nine reports provided original information. This
information consisted of P, data (based on calculated or experimental data), dispersibility data,
or subchronic exposure of test organisms to yield data for calculating BCFs or assessing uptake.
log P,., values less than three or greater than seven would indicate that a test material is not like'ly
to bioaccumulate (Zavallos et al., 1996). '

For PAQOs, the log P,s reported were >10, 11.19, 11.9, 14.9, 15.4, and 15.7 in the five
studies reviewed. The four studies of 10s that were reviewed reported log P,s of 8.57 (8.6) and
~ >9. The estér was reported to have a log P, of 1.69 in the two reports in which it was presented.

The LAO log P,,, was cited as 7.82 and a log P,,,, of 15.4 was reported for an LTMO. The only
BCF reported was calculated for IOs; a value of 5.4 1/kg was determined. In 30-day exposures of
mud minnows (Fundulus grandis) to water equilibrated with a PAO- or LTMO-coated cuttings,
only the LTMO was reported to produce adverse effects and tissue uptake/occurrence. Growth
retardation was observed for the LTMO and LTMO was observed at detectable levels in 50% of
the muscle tissue samples-examined (12 of 24) and most (19 of 24) of the gut samples examined.
The PAO was not found at detectable levels in any of the muscle tissue samples and occurred n
| only one of twenty-four gut samples examined.

7.3 Summaries of Identified Reports Containing Bioaécumulation Information

Friedheim, J.E. et al. 1991. An Environmentally Superior Replacement for Mineral-Oil |
Drilling Fluids. SPE 23062. Presented at the Offshore Europe Conference Aberdeen,
September 3-6, 1991.

Bloaccumulatlon studies were conducted on both the PAO-base ﬂuld and the PAO-based

SBF. The calculated octanol/water partltlon coefficient for the PAO gives a log P,, of 15.4. The
_authors concluded the PAO was not expected to bioaccumulate in aquatic species for a varlety_ of
reasons. The authors base their projection on data that indicate gill uptake of xenobiotics
“increases with increasing lipophilicity up to about a log P, of 7, beyond which there exists an

‘inverse relationship between lipophilicity and bioconcentration. Thus, these authors believe that
~ there appears to be a cut-off point in water solubility (or lack thereof) beyond which compounds .
cannot move past the aqueous diffusion lﬁycr present at the water/gill interface; a similar scenario |
accounts for a decreased absorption of hydrophobic chemicals in fish intestine. Therefore,
Friedheim et al. concludcd the physico-chemical properties of the PAO (i.e., low water solublhty)
would prolublt it from passing freely into aquatic species and bloaccumulatmg PAOQs are highly
lipid soluble, and thus Friedheim ct al. believe they are likély to be absorbed into the drganic
fraction of the sediment or onto suspended organic solids in the aquatic environmernit, T_Iiese
authors postulate that the PAO either would not be bioavailable (due to
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Exhibit 7-1. Bioaccumulation Data for Synthetic Fluids and Mineral Oil Muds

Abbreviations:

PAO:

Type of Synthétic :
Base Fluid or Parameter Determined Reference
JiLTMO '
PAO log P, 15.4 (calculgted) .| Friedheim et al., 1991
PAO lpg P, >10 (calculated) Leutermann, 1991
L PAO log P,,: 14.9 - 15.7 (measured) Schaanning, 1995
PAO log P,: 11.9 (measured) Zévallos etal., 1996 .
PAO log P, 11.19 Moran, 2000
IO log P,,:>9 Environment & Resource
Technology, Ltd., 19942
10 log P,,: 8.57 Zevallos et al., 1996;
. Moran, 2000
LAO log P,,: 7.82 Moran, 2000
Ester v .'log P,.: 1.69 Growcock et al., 1994;
Moran, 2000
LTMO 0P, 154 Growcock et al., 1994
various . dispersibility: ranking = Growcock et al., 1994
ester> di-ether >> detergcnt alkylate > PAO >
LTMO _
10 lO-day uptake; 20-day depuration cxposure gave Environment & Resource
log BCF: 5.37 (C16 forms); 5.38 (C18 forms) Technology, Ltd., 1994b;
Moran, 2000-
PAO Uptake no measured uptakc in tlssucs after 30-day | Rushing et al., 1991;
exposure; presence noted in 1 of 24 gut samples Moran, 2000
LTMO Uptake aftcr 30- day exposure dctectable amounts | Rushing etal.,, 1991 - '
in 50% of tissues analyzed (12 of 24) and 19 of 24 : ‘
gut samples exammed
PAO Subchromc cffccts equal or better growth Vs Jones et al., 1991
“controls '
LTMO Subchronic cffects: retarded grthh vs controls | Jones etal., 1991
LAO Mytilus edulis log BCF: 4.84 ‘Moran, 2000

poly alpha oleﬁn, 10: internal oleﬁn LAO: linear alpha olef in; LTMO: Iow toxlclty
-mineral oil '
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sequestration by the sediment) or would not be able to pass through the gill (or intestine) due to the
molecular size of the “suspended particle,” (which is likely referring to the adsorption of the PAO
to the suspcnded organic solids to which the authors referred earlier).

Leuterman, A.J.J. 1991. Environmental Considerations in M-I Product Development
Novasol/Novadril. M-I Drilling Fluids Co., January 15, 1991.

Although Novasol [a PAO] is highly lipid soluble, with a calculated octanol/water partition
coefficient (log P) of >10.0, it was not expécted by this author to bioaccumulate in aquatic species.
Leuterman presented several reasons he considered well-documented. These reasons include the
following:

L. ngh molecular weight, low water soluble polymers are thought not to pass biological
membranes due to molecular volume considerations.

| 2. Highly lipophilic chemicals in .aquatic systems are likely to absorb and partition into the B

' organic fraction, in this case the organic fractions of the drilling fluid. In this arrangement
‘the chemical constituent would not be bioavailable for absorption due to sequestration in

- the drilling fluid and cuttings or would not be able to pass through the gill or intestine, if
ingested, due to the molecular size of the chemical constituent. '

3. Gill uptake of xenobiotics increases with increasing lipophilicity up to about log P of 7.
Beyond this level there exists an inverse relationship between lipophilicity and
bioconcentration. Toxicokinetically this reduction apparently results-from a decrease in the
magnitude of the uptake rate constant. There appears to exist a cut-off point in the water
vsolublhty, i.e., the lack of, beyond which compounds cannot move past an aqueous d1ffus1on
layer present at the water/gill interface. A similar scenario accounts for decreased
absorption of hydrophoblc chemicals in fish intestines.  Since transport into biological - ‘
membranes requires, in most cases, that the xenobiotic be avallable in a dissolved form, the
physico-chemical properties of Novasol, i.c., low water solubility, would prevent its '
passage into aquatic species and thence bloaccumulate

4.  Ifthe base fluid did pass into the aquatlc species, aquatic ammals have the ablllty to
" metabolize xenobiotics through various enzyme systems located primarily in the intestine and
liver. Once metabolized, these metabolites are normally of a more water soluble form, i.e.,
hydroxylatcd products, and are eliminated ﬁom the orgamsm and not accumulated.

B To conﬁrm the cx‘pected low'bioa.vailability of Novasol, M-I conducied a thirty (30) day
~ bioaccumulation test using the mud minnow Fundulus grandis. This author states that preli minary
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results of this test reveal no detectable amount of the material, or its degradation products, in the
tissue or organs of the test animals. In fact, the test animals showed no ill effect, no deformities
and no reduced growth rates. No data are provided, however.

o Fri'edheim, J.E. and R.M. Panternuehl. 1993. Superior Performance With Minimal

Environmental Impact: A Novel Nonaqueous Drilling Fluid. SPE/IADC 25753. presented
at the SPE/IADC Drilling Conference, Amsterdam, February 23-25, 1993.

Both an octanol/water partition coefficient determination and actual laboratory testing with
fish were discussed to describe the potential for bioaccumulation of the PAO system. The authors
- cite earlier reports (Friedheim et al. 1991), in which the partition coefficient (log P,,,) for the PAO
is 15.4. This high value along with the large molecular weight of the material led the authors to
conclude the PAO should not accumulate in aquatic life. These arguments are based on knowledge.
of gill uptake of xenobiotics and absorption of hydrophobic chemicals in intestines of fish. The
authors’ conclusion i that the physico-chemical properties of the PAO would prohibit it from
passing freely into aquatic species and bioaccumulating. Also, previous laboratory
bioaccumulation test results (Rushmg etal.,, 1991) using Fundulus grandzs (mud minnow) were -
cited to support the arguments presented above.

- Schaanning, M.T. 1995a. Evaluation of Overall Marine Impact of the Novadrtl Mud Systems
' NIVA Report 0-95018.

The ICI Brixham Laboratory estimated that log Pow = 14.9-15.7 for a PAO product coded
AB-5243-50. This product was, however, composed of 65% of a synthetic hydrocarbon having a .
chain length of 22 carbon atoms (C22), 20% C32, and 15% C42 and C52 oligomers, neither of
which'wefe'predominant'compoilcn'ts of the Novasol I and Novasol II base fluids. Measured
coefficients of polyalphaolefins (oligomer composition not specified) exceeded the upper limit of
8 0 that could be deterrnlned by the applied HPLC—method

Information on concentr-ations of Novasol PAO’s in animal tissues from exposed organisms,
as noted by these authors, is rather scarce. The authors discuss a few results of a recent study of .
 fish sampled at a North Sea Novadril II well site that were cited in M-I information dated January,
1995. No taste or smell was found in any of the fish sampled. Neither did the concentration of
Novasol exceed the detection limit of 0.1 mg.kg-1 in any of the fish samples analyzed. No
information was provided by the authors as to where, when and how sampling was performed or
how many and which species were analyzed. The authors also present that analyses of commercial
fish species captured at the drilling sites is obviously of great public interest. Because of the lack
' .of control'on exposure of the analyzed individuals to the test chemical, however, a ficld study
showing neither smell, taste nor detectable concmtrations ‘was not considered to yield cvidence
 that the chemical has a low potcntlal for bioaccumulation. Results of Rushmg et al. (1991) were
.also discussed in this report.

v
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Growcock, F.B., S.L. Andrews and T.P. Frederick. 1994. Physzcoéhemzcaz’ Properties of
Synthetic Drzllzng Fluids. IADC/SPE 27450. Presented at the IADC/SPE Drilling
Conference, Dallas, Texas, February 15-18, 1994.

The dispersibility (aqueous phase partitioning) of synthetic fluids in seawater was tested.
The dispersibility test consists of shaking equal volumes of seawater and synthetic fluid for 10
seconds followed by a 10 minute equilibration prior to sampling the seawater phase for organic
.carbon.ahalysis. The test gave the following trend among various synthetic base fluids:

“Ester>Di-Ether>>Detergent Alkylate>PAO>LTMO.

This trend was considered by the authors as qualitatively consistent with the trend in the
octanol/water partition coefficient, Py, which ranges from log P,,, =1.69 for the ester to log POW
15.4 for the PAO and the LTMO (no data or sources cited). The authors concluded that it is
possible for a significant portion of the ester, and perhaps other synthetlcs as well, to dlsperse in
seawater.

Feerevik, I. Undated. . Discharges and regulations of synthetic drzlfzng Sluids on the Norwegian
Continental Shelf and summary of results from ecotoxicological testing and field surveys.
Norwegian Pollutzon Control Authority.

- Laboratory testing shows that many of the chemicals in synthetic drilling fluids have a
potential for bioaccumulation. Specifically the olefin base fluids show log P, values well above
- 7.0. The ester base fluids are unlikely to bioaccumulate, but several of the additives in ester based
drilling fluids show log P, values above 5.0. The molecular weight for both base fluids and.

- additives in synthetic drilling fluids are typically below 600.

o The author asserts that existing bioaccumu].ation tests are not relevant for surface active
. substances that are commonly present in synthetic drilling fluids. Rather, bioaccumulation should .
be expressed as the distributidn between sedimént and water (the sediment;water partition

. coefficient, log Pyy), not as now by the octanol and water coefficient (log Pgy). The author states

‘that the potential for bloaccumulatlon is overestimated due to madequatc methods of calculation.

Because these fluids -have su'ch low aqueous solubilities, a concern has been noted that Py,
data are less relevant than, pcrllaps Py, data. This would provide some measure of the potential
for long-tertn leaching of these materials into sediment pore water with their subsequent
_ availability to benthic infauna and epifauna. This concern is valid, and these data may be worth
pursuing because the standard P, and Py, protocols appear adequate to ev'tluatethcse fluids and
are relatively brief and inexpensive procedures. Also; standard experimental protocols for
measuring uptake in test species are available-aud would be useful for testing a subset of materials
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- for which log P, or P, determinations have been performed to confirm bioaccumulation
' potentials projected ﬁom P,. or P, data. '

Envzronment & Resource Technology. 1994a. Bzoaccumulatzon Potential of ISO-T EQ Base
-Fluid, ERT 94/209. Prepared for Baker Hughes INTEQ.

The bioaccumulation potentlal of ISO-TEQ base fluid, an internal olefin of chain length
from 16 to 18 carbon atoms (C16-C18), was evaluated. The bioaccumulation potential was
-estimated by measuring the log octanol-water partition coefficient by HPLC following OECD 117
guidelines. Under the standard conditions described in the report, no elution of the test substance
occurred during a period of 6.5 hours. To enhance the elution of the test substance, it was re- .
examined using 2-propanol:water. The absence of detectable HPLC peaks with the standard
system indicated that the log P,,, value for ISO-TEQ base fluid was greater than the value for the
most lipophilic calibration standard, suggesting that the value would be greater than 9.

Enizzronment & Resource Technology. 1994b. Bioconcentration Assessment Report,
Assessment of the bioconcentration factor (BCF) of ISO-TEQ base fluid in the blue mussel
Mytilus edulis. ERT 94/061. Prepared for Baker Hughes INTEQ.

The study was conducted in accordance with an SOP written to conform_ with OECD

guidelines 305 A-E for the determination of bioconcentration or bioaccumulation of chemicals
from the aqueous phase. Specimens of the blue mussel Mytilus edulis were exposed to saturated
aqueous concentrations of ISO-TEQ base fluid (a pfedomihantly C16-C18 internal olefin) under
flow-through conditions for ten days, and subs_eqliehtly allowed to depurate in clean seawater for a
~ further 20 days. BCF values were calculated from uptake and depuration rates or each.compound
~group separately., The bioconcentration factors (BCF) were calculated from

«  theratio of tissue (11p1d) concentration to water concentratlon of the major components of the

fluid at equlhbrlum (10 days), orifa steady-state was not achieved, -

o the ratio of the uptake to' depuration rate constants, calculated as defined in the SOP.

The test met all valldlty crlterla, with the exception of exposure concentration control wlnch '
- varied more than spemﬁed asa consequence of the very low saturation concentrations of the test .
substance components. The variation was not, however, of a magnitude- sufficient to significantly
 affect the estimated low BCF values. ISO-TEQ exhibited high rates of uptake and depuration, with

" no detectable tissué residue. The equilibrium log BCF values (lipid weight basis) for the test
substances were estimated to be 5.37 for the C16 compounds and 5.38 for the C18 compounds.

After cessation of exposure, the test aniimals depurated their tissues to concentrations of test
‘compound to < 1 ug.g-1 (0.03% of- peak value). Log BCF values were approx1mately half the
probablc log Pow values >8). :
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Jones, F.V., Rushing, J H., and M. A. Churan. 1991. The Chronic Toxicity of Mineral Oil-Wet
and Synthetic Liquid-Wet Cuttings on and Estuarine Fish, Fundulus grandis. SPE 23497.
Presented at the First International Conference on Health, Safety and Environment, The
Hague, The Netherlands, November 10-14, 1991.

Mud minnows (Fundulus grandis) were held in tanks of synthetic seawater (i.e., formulated
from a mixture of salts and substances that mimic natural seawater). Drilling fluids-were prepared
using a 80/20 ratio of mineral oil/water for a 7.4 pounds per gallon (ppg) drilling fluid (MOBF)
‘and a 70/30 ratio of PAO/water for an 1 I.O'ppg drilling fluid (PAO-SBF). Both drilling fluids
were then hot-rolled for 16 hours at 66°C. Each drilling fluid was added to a container of dried
cuttings, hand-mixed, and hot-rolled for another 24 hours at 66°C. Laboratory bioa_cc_ufnulatiori
tests showed that the presence of cuttings soaked in'an 11.0 ppg 70/30 PAO-SBF system did not
affect the grthh rate of this species. Rather, they showed equal or better weight gain and size
increase as compared to the control samples. Conversely, test runs using MOBF-soaked cuttings
showed a retarded growth rate with respect to the control. The authors also offered that fish
cultured with the mineral oil had to spend a large portion of their energy removing this
hydrocarbon from their blood stream, and that this energy dram may have caused the lower

observed growth in those ﬁsh in the MOBF tanks.

Zevallos, M.A., J. Candler, J.H. Wood and L.M. Reuter. 1996. Synthetic-Based Fluids Enhance
Environmental and Drilling Performance in Deepwater Locations. SPE 35329.
Presented at the SPE International Petroleum Conference & Exhzbztzon of Mexico,
Vzllahermosa Tabasco, Mexzco March 5-7, 1996. :

Measurement of bloaccumulatlon of synthetlc ﬂuxds can be estimated usmg the N-
octanol/wator partition coefficient (Pow). Poy values less than three or greater than seven would -
indicate that the test material will not bloaccumulate Both the 11.19 P, for PAO and 8.57 P,,, f01’

10 indicate these synthetic materials would not bloaccumulate Ranked by thelr P,y values, I0s
- have a greater potential than PAOs to bloaccumulate '
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Davies, J.M., D.R. Bedborough, R.A.A. Blackman, J.M. Addy, J.F. Appelbee, W.C. Grogan, J.G.
Parker and A. Whitehead. 1989. The Environmental Effect of Oil-based Mud Drilling in
the North Sea. In: Drilling Wastes, F.R. Engelhardt, J.P Ray and A.H. Gillam (eds).
Elsevier Applied Science, New York. Pp. 59-89

During 1985 and 1986, fish were caught from three areas in the North Sea close to oil and
gas exploration and production platforms and from areas outside the influence of drilling activity
as reference (control) samples. - These operations had drilled many wells using OBM, including
both diesel oil- and mineral oil-based OBMs. Fish were tasted by a trained panel to determine the
presence of any oily taint in the flesh. A fish was deemed to be oil tainted if more than half the
panel detected an oily taint. Among cod, haddock, tusk, and dabs caught between 0.40 and 9.3 km

from oil platforms, only for dabs caught between 0.55 km and 0.86 km did more than half the panel,
detect an oily taint.

~

Rushzng, J.H.,, MA. Churan, and F.V. Jones. 1991. Bioaccumulation from Mineral Oil-Wet and
Synthetic Liquid-Wet Cuttings in an Estuarine Fish, Fundulus grandis. SPE 23497.
Presented at the First International Conference on Health, Safety and Environment, The
Hague, The Netherlands, November 10-14, 1991.

The authors report an experimental study on uptake of low aromatic mineral oil (LTMO) and
Novasol PAO in tissue and gut samples from mud minnows (Fundulus grandis) exposed for 30
~ days to water equilibrated with contaminated cuttings at nominal concentrations of 1%, 5%, and
8.4% base fluid (i.e., PAO or mineral oil). Gut samples represented carefully excised internal
organs and connecting structures from the mouth to the anus. Muscle tissue samples were prepared
from fish whose heads, tails, skin, and viscera were removed, thus including finer bones in these
samples. Samples from each of the three dosings were taken seven times during the course of the
exposure (Days 3, 7, 10, 15, 20, 25, and 30) and again after a 4-day depuration period.

Among fish exposed to SBM-coated cuttings, analysis of fish tissue and organs using GC/MS
measured no uptake of PAO in samples of fish tissue, and an accumulation of PAO.was observed
in only one of 24 gut samples. By contrast, fish exposed to LTMO cuttings showed accumulations
‘of mineral oil in 19 of 24 fish gut samplcs and detectable amounts of mineral oil components in 12
of the 24 tissue samples analyzed. Both mineral oil and olefins were shown present in the water of
the aquaria throughout the exposure period. ‘

“The authors concluded that the contrast between the mineral oil and the polyalphaoleﬁns was
- aresult of restricted uptake of the larger olefin molecules across gill and digest'i've structures. The
authors further assert that the high molecular weight and the structure of PAOs is a key factor in
limiting the amount of uptake by fish, Since PAOs arc a complcx, high molecular weight molecule,
ﬁsh could not uptake thc material through its glll stri uctule One. samplmg showcd a low amount of
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PAO in the gut ana1y81s It is possible this material was in the intestinal tract of the fish and had
not passed through the fish when sampled. :

Moran, R. 2000. E—mazl to Carey Johnston, USEPA, regardmg “An Evaluation of the
Bioaccumulative Potential of Synthetzc Drilling F luzds " with attachment. August 2, 2000.

In response to the EPA request for data related to the potential of SBFs to bioaccumulate, the
API/NOIA Industry Consortium prepared a short review on the bioaccumulative potential of SBFs.
The evaluation provided a summary of log P,,, and BCF data from industry, primarily mud '
company, sources. The data is included in Exhibit 7-1 and indicates that the bioaccumulation
potential of SBFs is limited given their extremely low water solubility and consequently, their low
bioavailability.

EPA COOK_INKPR 005708



8-1

8. BIODEGRADATION
8.1 Introduction

A number of different and contrasting test methods have been used to predict the
biodegradability of synthetic base fluids deposited on offshore marine sediments. These method
variations have included: calculation of biochemical oxygen demand in inoculated freshwater
aqueous media versus uninoculated seawater aqueous media; detérmination of product (gases)
evolved versus the concentration of synthetic base fluid remaining at periodic test intervals;
varymg initial concentrations of test material; aqueous versus sediment matrices; and within
sediment matrices, layering versus mixed sediment protocols

In the field, the mechanisms observed from the deposition of SBF contaminated drill cuttings
involve the initial smothering of the benthic community followed by organic enrichment of the
sediment due to adherent drilling fluids. Organic enrichment causes oxygen depletion due to the
biodegradation of the discharged synthetic base fluids. This biodegradation results. in
predominantly anox1c conditions in the sediment, with limited aerobic degradation processes
occurring at the sedlm_ent.watcr column interface. Therefore, the biodegradation of deposited
drilling fluid will be an anaerobic process to a large degree. Standardized tests that utilize
aqueous media, while readily available and easily performed, may not adequately mimic the
environment in which the released synthetic base fluid is likely to be found and degraded. As a
- résult, alternative test methods have been developed that more closely simulate seabed conditions.
One method uses a deposition of synthetic base fluid on marine sediment and measures degradation |
in a sediment matrix. Another method uses anaerobic conditions in aqueous media (Vik et al.,

1996b; Limia, 1996; Muriro, 1997). Additional, efforts have been made to utilize an existing -
-aqueous standardized méthod to simulate seafloor anaeroblc degradation (Candler c_t_,al., 2000).

In addition to biodegradation test method research, industry supplied EPA with information
regarding the potential toxicity of the theoretical intermediate products resulting from SBF
degradation. According to the industry report, most of the ihtermediates are not toxic and those -

-that may be considered “moderately toxic” are not likely to persist in sediments (Entrix, 2000). -

8.2 Biodegradation Test Methods
A variety of test methods, each with charactcrlstlc limitations and qualtﬁcatlons has been .

used to assess the blodegradauon of test materials. Slater et al. (1995) present a descriptive
comparison of the technical details of the Orgamzat;on for Economiic Co-operation and
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Development (OECD) 301-series test protocols, the Biochemical Oxygen Demand for Insoluble
Substance (BODIS) protocols, and seabed simulation test protocols.

. The OECD 301-series tests are all aqueous freshwater tests that use an activated sewage
sludge inoculum. As an example of 301 protocols, the OECD 301D “Clean Bottle” test protocol is
briefly summarized in Exhibit 8-1. The 301A through 301F tests vary in the analytical endpoint
used to quantify oxygen demand, the concentration range of the test substance, and their design
suitability among poorly soluble, volatile, or adsorbing test substances. The drawbacks of using
these tests for synthetic base fluids are: the 1nsolub111ty of synthetic base fluids in aqueous media,
the use of a freshwater matrix, the use of an aqueous matrix for the test, and the aerobic nature of
the test. -

‘Exhibit 8-1. OECD 301D: 28-Day Closed Bottle Test

A solution of test substance (e.g., synthetic base fluid) is prepared in a mineral medium consisting of
stock solutions of a) KH,PO,, K,HPO,, Na,HPO,-2H,0, NH,CI; b) CaCl; c) MgSO,-7H,0; and d)
FeCl;*6H,0. The test solution is poured into test bottles and inoculated with a small number of
micro-organisms derived from the secondary effluent of a domestic sewage treatment plant (or -
laboratory-scale unit) or surface water. A parallel series of bottles containing inoculated blank
medium is prepared for reference measurements of oxygen uptake by the inoculum. The closed test
bottles are incubated in the dark at constant temperature for 28 days. Dissolved oxygen
measurements are taken via Winkler titration or oxygen electrode at time zero and weekly intervals;
more frequent intervals require more bottles. The percent degradation of the test substance is
calculated as the ratio of the biochemical oxygen demand of the test substance (in mg O, uptake per -
mg test substance) and the theoretical oxygen demand (01 less accurately, the chemical oxygen
demand) of the test substance

The OECD 306 methods change the matrix from a freshwater matrix to a seawater matrix,
and allow for two anaIyti‘eal variants. In one analytical variant, the incubation period increases
- from 28 days to 60 days. The biggest difference between the OECD freshwater and seawater tests -
is the presence of an activated sludge inocutum in freshwater tests versus the absence of an
inoculum in the seawater tests, which relles on endogenous marine microorganisms for.
degradative capacity. - L

Two Intematlonal Standards Orgamzatlon (ISO) protocols, one for freshwater (BODIS/F w)
and one for scawater (BODIS/SW) also have been used to assess blodegladablllty of insoluble
“test materials. The same characteristics as discussed for the OECD 301 methods regarding the
‘presence/absence of a sludge inoculum apply to these 1SO protocols: the freshwater test uses
inoculum but the seawater test does not. - Likewise, freshwater and scawater respirometric
methods, which rely on analytically different endpoints, can be characterized as similar to the 301-
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series tests. An ISO protocol for assessing freshwater anaerobic biodegradability is available
-(see Exhibit 8-2 for a brief description). The protocol may more accurately assess real-world
conditions for a large portion of discharged synthetic base fluids. However, although this protocol
provides a quantlﬁcatlon of anaeroblc biodegradation, it still relies on an aqueous freshwater
matrix.

To address the issue of aqueous versus sediment matrices, two non-standard test protocols
have been developed. One, the “NIVA” protocol (Norwegian Institute for Water Research;
Schaanning, 1994), which is commonly referred to as the “simulated seabed study,” relies on
layering of test material on the surface of the test sediment. The other is the “SOAEFD” test
protocol (Scottish Office, Agriculture Environment and Fisheries Department; Munro et al.,
1997b), which is commonly referred to as the “solid phase test,” mixes the test material into the
test sediment prior to incubation (see Exhibits 8-3 and 8-4 for brief descriptions of the NIVA and
SOAEFD protocols). These laboratory protocols, to date, have assessed biodegradability of
synthetic fluids at experimental sediment levels (NIVA = 700 mg/kg to 18,000 mg/kg; SOAEFD =
100 mg/kg to 5,400 mg/kg) that are belowor at the lower end of the range of sediment - '

- concentrations of synthetic fluids measured: in the field at two drill sites in the North Sea (up to
4,700 mg/kg and up to 100,000 mg/kg) and one drill site in the Gulf of Mexico (up to 134,000
mg/kg, or 13.4 percent)

Aerobic test conditions have been summarized by Vik et al. (1996b) and are presented in
Exhibit 8-5; a summary of laboratory and field biodegradation assessment procedures was
prepared by Vik at al. (1996b) and is presented in Exhibit 8-6. ‘

In an attempt to bridge the gap between aqueous énd sediment matrices, another test protocol
was developed using the ISO 117734 niethod to simulate marine anacrobic degradation. of SBF. -

~ Candler etal. (2000) modified the ISO 11734 method to include a marine sediment, as a -

“replacement for the dilution media, to which the authors added SBF. The duthofs included, from
the ISO 117434 method, the measurement of gases to determlne the plateau of degradatlon and
reduction of SBF carbon of each fluid. : :
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Exhibit 8-2. ISO 11734: “Water Quality--Evaluation of the “Ultimate” Anaerobic
Biodegradability of Organic Compounds in Digested Sludge-—Method by Measurement
of the Biogas Production”

A test compound (e.g., synthetic base fluid) is added to a dilution medium at an organic
carbon concentration of 20 mg/l to 100 mg/l. The dilution medium is a solution of the following
constituents: KH,PO,, Na,HPO,"12H,0, NH,Cl, CaCl,-2H,0, MgCl,-6H,0, FeCl,*4H,0,
Na,S*9H,0, resazurin (oxygen indicator), stock solution of trace elements, and de-oxygenated water.
Under anaerobic conditions, the test solution is inoculated with washed digested sludge containing
very low amounts of inorganic carbon then incubated in sealed vessels in the dark at constant
temperature for 60 days.

As a result of anaerobic degradation, carbon dioxide and methane evolve in the headspace
above the test solution, and the amount of dissolved carbon dioxide, hydrogen carbonate, or
carbonate in the solution increases. The amount of microbiologically produced carbon in the head
space gas is calculated from the measured increase in head space pressure as applied to the gas law

- equation (PV=nRT). The amount of inorganic carbon produced in the solution is measured, and is
added to the amount of head space carbon to determine the total carbon produced in excess over
blank values. The percentage biodegradation is calculated as the total carbon produced relatlve to the
initial carbon in the test compound

The progress of biodegradation can be charted by intermediate measurements of head space
pressure. A graph of pressure versus time should show an initial lag phase followed by a period of
steadily increasing pressure, ending with a plateau phase indicating the cessation of gas production.
Significant deviations from this course may indicate that the test should be prolonged or repeated.
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Exhibit 8-3. NIVA Protocol for Simulated Seabed Biodegradation Study

NIVA protocols have evolved since 1990, and intend to more accurately represent offshore seabed -
conditions for biodegradation. The test consists of a series of chambers containing clean sediment, covered
with 15 cm of seawater drawn from a depth of 60 m from the Oslofjord and pumped through the experimental
chambers. On Day 0, a thin layer of drill cuttings (1-2 mm) is created by adding a slurry to the chamber water
and allowing particulates and solids to settle. Tests run for as long as 160 days. S

' Based on the measured amounts of fluid at Day 0 and the last day of the test, the percentage decrease
is calculated. Rates are adjusted for the loss of drilling fluid due to seawater flow by using Ba concentrations
as an indicator for test substance lost due to seawater flow-through. NIVA has found that first-order kinetics
describe the loss of drilling fluid over time according to '

: : C,=Cox'10™ :
where C, =test substance concentration at time # (in days), C, = the concentration at =0, k is the decay
constant, and ¢ is the time in days.

Exhibit 8-4. SOAEFD Protocol for Solid-Phase Test SyStem for Degradation of Synthetic
Base Fluid ' : S .

A synthetic base fluid is homogeneously mixed at specific concentrations with prepared marine
sediment and maintained in a trough of flowing sea water for 120 days. Base fluid is added at concentrations
of 100 ppm, 500 ppm, and 5,000 ppm to represent historical measurements of mineral-oil-based cuttings
piles at distances from the platform of 1,000 m to 3,000 m, 200 m to 1,000 m, and 200 m, respectively. The
concentrations of added base fluid are determined empirically prior to the experiment as jug TOC per g of dry

- sediment. : ' .

At set times, triplicate jars are removed for chemical analysis of the base fluid. The concentration of |
the base fluid remaining is determined by solvent extraction followed by gas chromatography with flame
ionization detection. Base fluid concentrations (in ppm) are graphed as a function of time; results are
compared in terms of how closely the data follow first order reaction kinetics, as expressed by the equation:

. A(=Aoe-kl

“Where A, is théfcohcentration of the substance at time t= 0, A, is the concentration attime t, k is the rate
constant for the reaction and e is the log to the basc e. ’ o ,

Three additional analyses are conducted to further characierize the course of biological activity
throughout the experiment: the oxidation-reduction (redox) profiles of the test sediments as compared with
clean sediment; the number of culturable bacteria from sediments; and the number of bacteria capable of
growth on the test fluid as the sole carbon source (the Sheen-screen). The sediment redox profiles, expressed
in mV, measure the level of oxygenation of the sediment at varying depths, indicating the local concentration -
of organic matter. Trends in redox measurements are charted by depth and over time, for temporal and spacial
comparisons between test sediments and clean sediment. Throughout the experiment, samples are taken at the
sediment surface and at a depth of 4 mm to measure the number of “culturable” acrobic and anaerobic bacteria.
The Sheen-screen measures the number of aerobic and facultative anaerobic bacteria per gram of wet sediment
capable of growth on the synthetic base fluid as the sole carbon source. It is an indicator for the
biodegradation potential of a base fluid in the sediment used. The conditions for the Sheen-screen are acrobic
and thus, growth of obligate anacrobes.is not provided for and test conditions do not accurately mimic real

—=—..
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Exhibit 8-5. Summary of Aquatic Phase Aerobic Laboratory Biodegradation Test Conditions
and Their Suitability for Poorly Soluble, Volatile, and Surface Active Compounds

in headspace

(a) ~ OECD (1993); ISO (1990)
" (b)  Characteristics of synthetic base fluids _

(¢)  Corresponds to ~ 30 ‘mg/l test substance of dr lllmg, ﬂmds
-Source: Vik et al., 1996b

mmm — mw
Abbreviations: ThOD = Theoretical oxygen demand BOD = biochemical oxygen demand

OECD . . Suitability for compounds which | Concen- ‘
Guidelines/ |  Analytical are: frafonof | . | Test Test
] Test - Duration | Mediu
ISO Procedures Method culum-
@) Poorly Volatile Adsor- | Substanc (days) m
) Soluble (b) | bing (b) e )
'OECD 301A - DOC | Dissolved _ - - +- 1040 mg + 28 . FW
Die-Away organic carbon DOC/ ’
(DOC)
OECD 301B - CO, " | CO, evolution + - + 10-20 mg + 28 Fw
Evolution Test DOC/
OECD 301C - | Oxygen + - + 100 mg/1 + 28 FW
| MITI () Test | consumption : ’
OECD 301D - ‘Dissolved +- + + |25 men + 28 FW
Closed Bottle Test oxygen-
OECD 301E - .
Modified OECD Dissolved - - +. [1040mg + 28 FW
. organic carbon DOC/I - : .
Screening Test )
{ o8cD 301F - _ . :
T - I VAR (S vt IR NP I
Respirometry Test P
OECD 308 -
Biodegradability in
seawater Dissolved . SW
|| - Shake Flask Test organic carbon - - +- 540 mg - 60
. Dissolved DOC/I : '
- Closed Bottie Test | oxygen +/- + + 2-10 mg/l - 28
ISO-pi'oced(lrc:
: o , 100 mg )
POD-lest for Dissolved . YL ) - ThOD/ s 28 FW
insoluble substances | oxygen. © .
(BODIS) _ .
‘Modified Seawater | Dissolved + - +- | 100mg . 28 SW-
BODIS Test "oxygen ThOD/! .
L T (c) )
Respirometric Resplromctrlc ) + +H- + 100 mg SW/FW
methods CO,- 1 ThoD/I
production (and
0,- lower) (c)
comumption
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Exhibit 8-6. - Summary of Test Procedures Used in the Biodegradation Testmg of Synthetic- -

Based Drilling Flulds
Aqueous Phase Tests .
Factors . Sedimentary Phase Studies
. N Aerobic Anaerobic ’
influencing test
results ) ' Sediment/ NIVA “Seabed SOAEFD
Seawatér (a) | Freshwater | Freshwater Seawater Simulation” “Solid Phase”
Test Substance Base fluid or Synthetic Fluid Cuttings Base fluid
Physical test .
cond.: 15-20 15-25 37 20 7-12 7-12
Temperature °C
TS : . Lower
Aval]abﬂw of Good Good None None dependent on Very low
oxygen
: . test conc. }
Nutrient availability Good Good Good Good May be limiting May be limiting
i ' 700-18,000 100, 500, 5000
Test concentration 2-40 m 0.5-40 m . 50 m 5,000 m, ST v
, - ¢! il g, me/keg meke
- Depth of mud layer NA NA NA Mixed into sed. 122 mm Mixed into sed.
Migration of test NA NA ‘NA NA Possible Very low
substance ?
Inoculum: Generally :
Quantity/density Low ‘high High Fairly low Faitly low Fairly low
PN o Lower than | Lower than . - .
Variability High- seawater seawater High High High
Acclimation None None None Some “Some Some
Source VSeawater Activated Activated Seawater and Seawater and Seawater and
sludge sludge mixed sed. mixed sed. (b) mixed sed.
Renewal None None. None None Paossible Possible
' Sampling/analyses: o . ,
Sampling depth Not relevant | Not relevant | Not relevant Not relevant 1-2 cm 8.6 cm (c)

-Presence of

Presence of

. . Oxygen . Oxygen’ base

 Chemical analyses | yerandico, | demanaico, | €©: €0, fluidDORpH/ | ., P3C

: : ' . - : - fluid/DO/redox

v ' - redox .

Maorofaunal None ‘None ~ None ~ None ’Mortallly on None
analyses o ) . . ) surface (d)
Microbial ahalgrscé No - No No No Yes Yes
Relevance of test Aerobic | Not relevant | Not relevant | Relevant for Relevant; test | Relevant; dosing.
to real degradation ’ anacrobic - | *concentrations more stable but
environment only - degradation; are lower; misses layering
C ) concentrations _question “as in situ

are lower; " anaerobic cond.
stable dosing -simulation ard
“| test substance
. migration
(® No etandard marine test presently exists and a largc variety of mcthods have been used.
(b)  Inthe latest NIVA test, natural benthic fatina were sieved out, then returned. -
(c) NIVA are prcscntly trying an alternative pr occduuc using undlslmbcd sediments to kocp the macro-fauna ahvc
(d)  Comprises the entire test container contents,

DO = dissolved oxygen; Adapted from Vik et al., 1996b -
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8.3 Biodegradability Results
This section discusses biodegradation results for both aqueous and sedimentary phase tests.

8.3.1 Aqueous Phase Tests

Exhibit 8-7 presents a ranking of aerobic biodegradation test results for an acetal synthetic
fluid using OECD 301B (FW), OECD (FW), 306 (SW), BODIS (FW), and BODIS (SW)
. protocols at two concentrations of added test material. Given the substantial differences in
experimental design and protocols, results of 28-day tests expectantly show a wide range in
results, from 5% degradation to 86% degradation. Degradation was, as expected for a system
subject to saturation kinetics, more extensive for-any given protocol at the lower test
'concentrationé (although with, one eXceptibn). Few other comparisons are meaningful. For
example, seawater test show less degradation than freshwater tests. Thus, BODIS seawater tests
‘show less degradation (8% and 19.5% at 40 mg/1 and 10 mg/l, respectivély) than BODIS
freshwater tests (50% and 86% at 40 mg/l and 10 mg/l, respectively). Similarly, the OECD 306
seawater test at all conc'entrations shows less degradation compared to either the OECD 301B or
301D. freshwater tests at the same concentrations. However, the freshwater tests all use an
activated sewage sludge inoculum of microorganisms, whereas the seawater tests are endogenous
levels of microorganisms, with no exogenous addition of microbial degraders. Because the initial
degradative capacity of the two types of media are not co‘rnpafable, no valid quantitative
comparisons are possible. Exhibit 8-8 presents BODIS aerobic freshwater and seawater results at
one laboratory for two synthetic fluids (an ester and an acetal). ) .
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Exhibit 8-7. Ranking of Aqueous Phase Biodegradation Methods and Test Results

Source: Slater et al. (1995)

No. Test Method Test Concentration % Biodegradation

1 BODIS Freshwater 10 mg/1 86

2 OECD 301 B Freshwater 10 mg/l 786

4 OECD 301 B Freshwater 20 mg/l 62.8

5 BODIS Freshwater 40 mg/l 50

6 OECD 306 Seawater 0.5 mg/l 35

3 | OECD 301 D Freshwater - 0.5mg/l 73
-7 OECD 301 D Freshwater 2.5 mg/f 21

8 BODIS Seawater 10 mg/l 19.5

9 OECD 306 Seawater . 10 mg/l 9.4

10 - BODIS Seawater 40 mg/l 8

11 'OECD 306 Seawater 2-2.5mg/l 5

8-9

Exhibit 8-8. Average Percentage Blodegradatlon Using BODIS Seawater and Freshwater
Procedures for an Ester and Acetal

Seawater tests Freshwater tests
Base - '
fluid . s.d. Relative . s.d. | Relative
ng# B“(‘zz)eg' %) | sd.(%) | n T?:;# B'(?,zfg' @%) | sd.) | n
' ' (b) (c) _ (b) (c)
1 41 | 81 18 5 1 68 31 5 4
2 32 - 29 9 5 2 94 112 {12 4
3 29 - 7.1 24 5 3 94 99 11 7
4 34 3.7 11 5 4 99 1.9 2 10
Ester S .57 52 |- 9 - 5 ' :
: 6 59 5.0 8 5
" Pooled | . ' 3.| Pooled | 4, PN B Y
. average 42 12.9 ‘ 31 -0 | average 92 12‘? ’ 14— 25
1 9 22 24 511 58 107°] 18 4
2 5 1 1.2 24 5] 2 69 9.1 13 5
.3 9 1.8 . 20 5 3 75 12,0 16 7
4 11 28 - 25 |5 4 95 4.9 5 10
“Acetal 5 37 4.7 13 5 : -
o 6 12 1 71 59 5
Pooled 1 ' 3 | Pooled | . N
. average 14,‘ 1.2 I 8_0 0 | average: 7 16.5 21 26
(@  #=number of parallels
(b) . s.d.=standard deviatjon o
(c) - relative s.d. = défined as (s.d. /blOdC{,) X 100%

Source: Vlk et al, (1996b)
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Anaerobic Biodegradation results are shown in Exhibif 8-9.

Exhibit 8-9. Anaerobic Blodegradablhty of Test Chemicals Examined in the ECETOC
Screenmg Test (a)

Test ' Degradation in the ECETOC test (% of organic carbon) ,
Test Chemical Duration Net gas - " Net DIC (b) Extent of Ultimate -
(days) Production ~ Production - Degradation (c)
fatty acid ester | 35 633 19.2 82.5+13.9
fatty acid ester I 35} 61.2 ' 22.5 83.7+13.1
Oleyl alcohol g4 . | 611 275 88.6+14.8
2-Ethy! hexanol Y 57.3 215 78.8+21.4
Mineral oil A 35 - 0.7 3.2 ’ 3.9+11.0
Mineraloil B~ |~ . 28 43| L 54582
Mineral ol C 28 38 | 20 5.846.7
| Di-octyl ether 42 . 88 .35 12.3£10.8
Di-hexadecyl ether 42 , 0.6 1.9 1.4412.5
linear s<-olefin () 84 223 0.1 2242195
linear <-olefin (C) | 98 40.5 78 483155
Polyalphaolefin I 00 44 100 1442203
| Polyalphaolefin IT 50 | 6 22 : 0.6£16.2
Alkylbenzene 50 09 - 24 (154122
| Acetal-derivative B 70 - 37 3 3§9~ ] 126192

(@) FCETOC European Centre for E Ecotoxucology and Toxncology of Chcmncals
(b)  DIC = Dissolved Inorganic Carbon
(¢)  Value reported is mean value (from 5 repllcates) and its 95%-conﬁdence mterval
" Source: Steber et al (1995)

8.3.2 Sedimentary Phase Tests

Schaannmg (1994, ]995 ]996a and l996b) reportcd on a ser 1cs of studies using the NIVA.
methods (Lxlnblt 8-3) to compare the blodcgradatlon rates (half-life) of ester, 10, LO,PAO and
cther base and based fluids. The results from the studies indicated the following degradation rates
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estets>LO>IO>PAO>ethers. The half-lifes reported were esters ranged from 16 to 22 days, LO
half-life reported was 51days, IO half-life reported was 73 days, PAO ranged from 43 to 207
days, and the ethers ranged from 254 to 536 days

Vik et al. (1996b) compare the results of two sedimentary phase protocols (NIVA and
SOAEFD) for ester-type synthetic fluids (Exhibit 8-10). An ester-type synthetic base fluid was
degraded 46% and 97% at 28 days and 160 days, respectively, in the NIVA protocol, with a
~ calculated half-life of 31 days The SOAEFD protocol for a similar synthetic base fluid resulted
in 97% degradation at 28 days with no further measured degradation at 60 days, giving a
calculated half-life of 12 days. Experimental differences, as discussed earlier, are substantial
enough that any comparison is not very meaningful. Vik et al. (1996b) also report results of the
NIVA protocol (see Exhibit 8-10) across a variety of synthetic fluids and mineral oil. Their
results indicate the ester and LAO fluids (respective half-lives of 31 and 43 days) degrade more

- rapidly than the PAO, acetal, and mineral oil (half-lives ranging from 199 - 207 days). This
- general trend was also observed in the solid phase tests, at least for the lower test concentrations.

~ Limia (1997) reports solid phase degradation data for a series of test substances that
included an ester, acetal, PAO, 10, LAO, n-paraffin, and mineral oil. Results suggested relative
degradatlon rates were dependent on 1mt1a1 concentrations. At the highest concentration (5,000
mg/kg) the ester, LAO, and acetal all showed substantial degradation (25 - 50%;
ester>acetal>LAOQ) after 120 days, whereas all other base fluids tested showed little degradation.
At 500 mg/keg, degradatlon of the ester was nearly 60%, whereas all of the other base fluids ‘
degraded much less. At 100 mg/kg, only the ester, LAQ,; IO, and n-paraffin all degraded
substantially (>75%), whereas the other test materials (mineral oil, PAO, and acetal) did not show

- more than 35% degradation. Similarly, Munro et al. (1998) reported degradation rates using the

SOAEFD method that were highly concentration dependent as well as sediment dependent. The
 half-life for all compounds tested (olive oil, mineral 011 estel and PAO-LAO blend) increased -
with concentration and from mud to sand. : '

' To evaluate relevant conditions of base fluid degradatlon within the US boundaries, EPA
(Ditthavong, 2000) conducted a degradation study using the SOAEFD method with sediment from
Galveston Bay, Texas at a test temperature of 20°C. This study was conducted using test
concentrations of 1,000, 2,000, and 5,000 mg base fluid/kg of dry sediment and five base fluids:
an ester, 10, LAO, PAO, paraffin, plus positive and negative controls. The tests were run for a
" total of 112 days, with chemical analyses conducted every 28 days. This EPA study resulted in a
degradation rate ranking of ester: >LAO>IO>parafﬁn>PAO which is similar to the other studies
reported here. The EPA study indicated an inverse concentration-dependent degradation rate for
all base fluids. The higher the concentration of the base fluid the slower the base fluid degraded.
‘Percent degradation values for the EPA qtudy are prcsented in Exlnblt 8-11.
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Exhlblt 8-10. Percentage Biodegradation of Base Fluids in Drlllmg Fluids Measured by
Various Test Methods

, \ % Biodegradation Measured by Sedlmentary Phase Test Methods
F]l)ul;::;;;l fs e | NIVA’s Seabe(.i Slmu.la.tlon St.udles SOAEDF’s Solid-Phase Sediment Test
Fluid (layered using drllhng fluid) ) (base fluid/sand mixture)
?eSted 160-day 28-day Ha'f'“(':) (days) 60-day 28-day H(’(‘gy's‘)fe
An ester 97 46 .16, 20, 22 -67°97% 98 (d)v 97 37 (b), 12 (), .
98,78,25.(e) - v 10 (d)
Amineraloil | 44 | 23 399 16, 10, -4 (¢)
APAO |1 4 11 "_43., 127, 207 -11, 4,8 (e)
An acetal 39 12 200 20, 0, 10 (e)
AnIO | | i 60, 10,2 (¢)
AnLAO | 93 | - 38 ' 43 70,23, 5 (¢)
AnLO S 51 '
I An ether - - 254, 392, 536

(8  Values from Schaanning (1994, 1995, 1996a & 1996b)
(b)  Mixed in mud substrate; Munro et al. (1997)

(¢)  Substrate not specified in Vik et al. (1996)

(d)  Mixed in sand substrate; Munro et al. (1997)

(e)  Three values presented are day 56 values at 100 mg/kg, 500 mg/kg, and 5,000 mg/kg sediment substrates
- respectively; Munro ét al. (1997)
Source: Adapted from Vik et al.- (1996b)

} In further efforts to evaluate reprodUcibili’ty of the SOAEFD method by laboratories in the
.. U.S., Candler et-al. (1999) conducted a series of SOAEFD studies usxng Gulf of Mexxco-relevant

~ conditions. The authors used estuarine sediments collected in Galveston Bay, Texas and

. conducted the studies at 20°C and 25°C.- These results were then compared with results of testing
conducted with a modification of the ISO 11734 anaerobic test. The modification to the ISO

method was prlmarlly the use of marine sedlments in place of an aqueous matrix as a

substrate for degradatlon A comparative ranking of percent degradation was then used to evaluate -
- test methods. The authors also used the results to determine the method that demonstrated the
hlghest level of discriminatory power between individual base fluid degradation rates and
between SBF dcgradatlon compared to the degradation rate of mineral oil and dlCSCl The 25°C
SOAEFD test produced results similar to the previously presented papers by Munro for esters

" (90% degradation by Ddy 21); however results for the O degradation were 31gn1ﬁca11tly ncduccd
~ toonly 10%as comparcd to the rcported 80% by Munro in thc same time
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Exhibit 8-11. Percentage Biodegradation of Base F lu1ds Conducted by U.S. EPA Using the
SOAEFD Method. :

Base Fluid Percent (%) Reduction
Tested mg/kg - —
. Day 14 Day 28 | Day 56 Day 84 Day 112
'} Olive Oil : ' ‘ '
1000 96 -- -- -- --
2000 96 98 ~ 99 - . --
5000 78 90 -- 99 - .
Ester . :
1000 56 74 85 87. 99
2000 56 65 72 - 88 92
5000 - 53 57 68 .15 86
LAO ' _ '
1000 10 20 17 51 69
2000 24 © 18 16 40 53 .
5000 14 19 11 40 36
IO ' .
© 1000 12 18 .26 47 55
2000 8 13 . 21 30 48
5000 12 18 27 31 .30
-| Paraffin : :
1000 | 17 15 2 27 38
2000 17" 12 -2 22 26
5000 - 16 16 l 17 21
1 PAO g
1000 - 8 10 -6 7 5
2000 10 1 -2 5 7
5000 2. 5 F 6 | 1 .3
Mineral il | . - . | _ ' :
oo | 9 - 11 ' 3 17 . 21
2000 - T _ 10~ 3 7 .13
5000 15 12 ) 2 . 7 .11

Source: Dittﬁavong, 2000.

perlod By decreasing the test temperature to 20°C, which relates morc closely the watcr

temperature of the Gulf of Mcxwo, the degradation rate of the ester was reduced to 80% in 35 days

and the 10 degradatlon to 90% in 140 days. Although the results varied on actual degradatlve

~ rates for the tests conducted at 20°C and 25°C, the degradation rate ranking of '
ester>10>MO>diesel remained similar previous data.
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Candler et al. (2000) reported that the use of the modified ISO method revealed similar
rankings as those of other SOAEFD tests. The modified ISO method used gas production as a
measurement of degradatron and is, therefore, not directly comparable to the SOAEFD method.
The endpoint of degradation for this modified method is the plateau of gas production. Each base
‘fluid is then be ranked by the number of days to plateau. This ranking, after16 tests conducted by
- Candler et al. (2000) is ester>LAO>IO>PAO>parafﬁns Candler et al. (2000) further reported a
standard lag phase in gas production for all base fluids of 30-70 days, using the ISO method. This
~ lag phase is consistent with the SOAEFD method conducted at 20°C. By comparing the
discriminatory power results from the SOAEFD and modified ISO tests, Candler et al. (2000) was
- able to show a 2-fold increase in the discriminatory power between SBF degradation and the
negative control degradation using the ISO method. The percent degradation resulting from the
SOAEFD tests are presented in Exhibit 8-12.

84 Discussion and Conclusions

The result of this rev1ew is that the current state of knowledge for these materials is as
follows: :

« Al synthetic fluids have high theoretrcal oxygen demands (ThODs) and are lrkely to produce
' a substantial sedrment oxygen demand when discharged in the amounts typical of offshore
drllllng operations.

. Existing aqueous phase laboratory test protocols are incomparable and results are highly
variable for SBFs. Sedimerntary phase tests are less variable in their results, although
-experimental differences between the “simulated seabed” and “solid phase” protocols have
resulted in variations between test results '

e 'Testmg by mdustry and EPA usmg exrstmg sedlmentary tests and the modrﬁcd IOS 11734
' test, have yielded similar degradation rate rankings of ester>LAO>IO>Parafﬁn>PAO The ‘
, esters,. LAOs and 10s degradetwo to three times faster than mlneral and dresel 011s '

. There is diSagreement among the. scientiﬁc community as to whcther slow or rapid
degradation of synthetic base fluids is preferable with respect to limiting environmental -
| damage and hastening recovery of benthic communities. Materials that biodegrade quickly .
will deplete oxygen more rapldly than more slowly degrading materials. However, rapid
' blodegradatton also reduces the exposure period of aquatic orgamsms to materials whlch
may bloaccumulate or have toxic cffects. '
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Exhibit 8-12. Percentage Biodegradation of Base Fluids Conducted by Oil and Gas Industry
Using the SOAEFD Method. ' |

Percent Reducﬁon
Base
Fluid SOAEFD Methpd 25°C - SOAEFD Methed 20°C
mefkg Day 7 Day 14. Day 35 Day7 | Day14 Day 35 bay 140
Olive Oil .
i20| 80 100 NR NT 'NT NT NT
500 NT NT " NT - 80 "90 . 90 NA
Ester o
120 | 50 100 NR NT j NT NT _ NT
500 NT | NT NT 10 20 " 80 NA
10 . .
120 10 10 20 NT - | NT NT NT
500 NT | NT NT . 0 NA 20 90
Diesel - _ | _ ,
120 5 . "5 10 . NT . NT NT NT
500 NT NT NT 0 | NR 15 | 18
Min. Oil | . )
120 - 10 5 . 50 NT NT - NT NT

NR = Not Reported
NT = Not Tested
Source: Candler et al 2000

. Existing field data suggest these thaterials Wi_ll be substantially degraded on a time scale of
one to a few years; however, the distribution and fate of these materials is not extensively
documented, especially s apphcablc to the Gulf of Mexico where only three field studies
have been conducted. ' :

- The existing data from field studies suggest that organic élmrichment of the sediment will be a
dominant impact of SBF-cuttmgs dlschargcs Blodegradablllty of these materxals is therefore an
important factor in assessing thelr potential env1ronmental fate and effects.

Available standard methods yield results .that are highly variable across available
freshwater and seawater protocols. These methods (all aqueous, most freshwater, and all but one
aerobic) also are not vety relevant to the conditions under which discharged materials will be
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found (i.e., a largely anoxic, marine sediment matrix). Nonetheless, one could try to identify tests
that still offer useful insight into the potential fate of these materials. Unfortunately, field data for
which potential correlations could be examined are too scant for meaningful quantitative analyses
to these standard laboratory methods.

Seabed simulation protocols and solid-phase tests have been developed to better represent
receiving water conditions. Still, the issue of layering versus sediment mixture of test substances
cannot be resolved absent better field data of actual initial deposition and longer term sediment
depth profiles of these materials in discharged cuttings. It seems likely the real world situation is
a mixture of the two.

Each of the existing biodegradation test methods has advantages and disadvantagés. The
seabed simulations better repres_ent field conditions, but they are expensive and have limited
market availability. The standard aqueous test methods are not relevant to field conditions, but are
more rapid, more widely available, and less expensive. The solid phase test combines the benefits
of these two extremes: it mimics receiving water (sediment) conditions, is reproducible, and can
be made simplistic enough to perform at moderate expense.
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9. SEABED SURVEYS
9.1 Background

This chapter presents a summary of the seabed surveys conducted at sites where cuttings -
contaminated with SBFs (SBF-cuttings) have been discharged. Because more surveys have been
performed and more detailed information has been collected at sites where WBFs (exclusively)
have been discharged, results from WBF sites are also presented for comparison. ‘The technical
performance of SBFs is comparable to that of OBFs, and EPA is projecting that SBFs may be used
as a replacement to OBFs more so than as a replacement of WBFs. However, as far as
environmental effects of the discharge are concemed, EPA believes that SBFs are more
comparable to WBFs. Also, WBFs are currently allowed for discharge in certain offshore and
coastal areas, while OBFs (and OBF-cuitings) are not. For these reasons; EPA sees it ﬁttmg to
compare the environmental effects of SBF- cuttlngs discharge with those of WBF and WBF-cuttings
dlscharge -

The literature available to EPA for SBF diseharge sites include studies performed in the
Gulf of Mexico and in the North Sea. These studies have been performed by regulatory bodies,
industry groups or individual companies. The results are available in either the open literature or
if submitted to EPA as public comments, in the rulemaking record. For WBF discharge sites, EPA
used the Offshore Proposed Effluent Guidelines Regulatory Impact Analysis (Technical Support
Document Vol. Il; Avanti Corporation, 1993) as a source of information on field studies. This
volume contains extensive lists of case studies on environmental impacts from oil and gas effluent
discharges. Many of these studies were reviewed for information regarding seafloor and benthic
impacts of water-based fluids and associated cuttings. In addition to this volume, additional
citation searches f01 studles of the 1mpacts of cuttlngs also were performed '

Materially, SBF ‘was'tes are differe_nt from WBF Wastes in at leéist three _impertant ,wa’ys:

J Only SBF-cuttings are discharged, with retention of the SBF base fluid generally rangmg
~ between a low of 2 percent for the larger cuttings and a high of 20 percent for the smallest
cuttings (fines). On the contrary, with WBFs, in addition to the WBF-cuttings, large '
volumes of WBF are also discharged. Thus, for an equal volume of hole drilled, the
volume of WBF-related dlscharge is expected to be much greater than the volume of SBF-
related discharge.

. WBFs contain very high levels of suspended and settleable solids (and are, in fact,
© referred to as “muds” in the industry) that dispersé in the water column and produce a
plume with many fine particles that settle rather slowly. Hence, they may be transported
large distances. SBF-cuttings, however, tend not to disperse in the water column nearly to
the same extent as WBFs because the particles are “ml” wet with the synthetic matcrlal
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Even compared to WBF-cuttings, SBF-cuttings tend to be larger than WBF-cuttings. Again
the reason is that SBFs do not disperse the cuttings particles to the same extent as WBFs.

- Because larger particles settle faster than smaller particles, SBF-cuttings tend to be
deposited in a smaller impact area than WBF- cuttmgs

D SBF-cuttings have a significant organic component that is not present in WBFs, namely the
synthetic base fluid. The synthetic base fluid, in general, is insoluble in water and deposits
in the sediment with the cuttings. Thus, compared to WBFs, SBFs have an additional
pollutant factor to consider. The synthetic base fluid may have both direct and indirect
adverse effects. Direct effects include physical effects as well as chemical toxic effects to
benthic or epibenthic organisms. Indirect effects include both the effects on organisms that
feed on these benthic organisms and the effects of anoxic/hypoxic sediment conditions from
degradation of synthetic base fluids (due to their oxygen demand in local sediment). At the
same time, synthetic base fluid may have less effect on the water column due to their
insoluble characteristics.

These differences are important in making the comparison between SBF and WBF
* discharges, as is presented in the following sections.

9.2  Assessment of Field Studies
9.2.1 . Findings.

A large number of field studies of environmental impacts of exploratory well drilling
discharges' in several offshore locations provide sufficient information to arrive at reasonably
reliable findings for WBF seabed impacts. -In contrast, existing data for SBFs are limited and do
not appear to be sufficient to r_eliably project potential impacts. The different SBF studies used
sampling designs that are incompatible and have methodological limitations (e.g., seasonal
~ variability issues) that reduce the analytic clarlty Further field research is requlred to adequately;
: charactenze offshore 1mpacts of synthetlc-based fluid discharges. '

Wa’ter'-Based Fluids
The case studies reviewed by EPA characterize drilling fluids and cuttings dispérsion
sedimentation, lmpacts on the sediment and benthos, and some of the potential factors influencing -
. the magmtude of impacts. Exhibit 9-1 summarizes the major impacts of each of the rcv1ewcd
studies. This review suggests that these discharges are capable of producing localized lmpacts but
do not document larger-scalé impacts. However, these studles are not sufficient to conclude that
' regional-scale tmpacts are not oceurring.

Studies of development operations are much more limited in both number and scope (c.g., there are no
pre- versus post-drilling surveys). Therefore, conclusions of impacts for WBFs arc considerably more
uncertain for-development drilling than for explm atory drilling..
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_ Field studies of drilling fluid discharge plumes indicate that, as a generalization, plume
dispersion is sufficient to minimize water quality impacts and water column toxicity concerns in
energetic, open marine waters, such as the domestic OCS.

- In shallow water areas (e.g., less than 5-10 meters), field data on plume dispersion are
minimal, and are insufﬁcient to conclude that water column effects present only a minor potential
concern. Some modeling data suggest water quality and toxicity parameters could be adversely
affected under shallow water conditions. Also, in water depths of less than 5 meters, the
reliability of most models that are suitable for application to drilling fluid discharges becomes .
questionable. Thus, the potential water column impacts of those discharges in shallow waters (<5
meter) is not known with any degree of confidence.

The degree of impact of drilling fluids and cuttings on benthic and demersal species is
highly dependent on a number of local environmental variables (e.g., depth, current and wave
regimes, substrate type) and on the nature and volume of the discharges, including cuttings size and
the location of the outfall in the water column. Impacts can be considered to fall into two
relatively distinct categories: short-term effects due to either toxicity or burial by drilling fluid
and/or cuttings; and longer-term effects due to chemical contamination or physical (textural)
alteration of the sediments.

For example, Cook Inlet and Tanner Bank sites are both characterized as having strong
currents. At these depths, currents significantly affect cuttings sedimentation patterns as well as
cuttings transport along the bottom, entrainment and reworking of the sediment. Under these

conditions, the investigators did not observe discrete cuttings piles which tend to form in more
| quiescent locations (Ray and Meek, 1980; Houghton et al., 1980): In the Gulf of Mexico, cuttings
~ piles 150 m in diameter and 1 m in height have been reported (Zingula, 1975). On the other hand,
cuttings seemed to be present at relatively farther dlstanccs in more energetlc locations (Houghton :
~etal., 1980; see below) ' : '

The extent of cuttings accumulation is important in assessing benthic impacts. A general
trend of i impacts is that specimen abundance decreased closer to the well. Several studies cited
that the lowest numbers of organisms were at the 100 m stations, which were the closest stations to
the well in these studies. Even in the dynamic location of Cook Inlet, authors reported that number
of organisms and species diversity were significantly lower at the 100 m and 200 m
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Exhibit 9-1. Marine Studies of Water-Based Drilling Fluid Impacts

| _ » | : Iml;a_cts (a)
— v |

fePb increa,_se within 500 m;

3.8 fold for 1 site
* Hyg increase within 250.m;
4-7 Ilf;old for 2 sites

Study Site/ Water
Study Source Location Depth (m) Sediment - Biota
Menzie et al., NJ 18-3 120 * 21 fold increase in Ba at ‘ within 150 m:
1980; Mariani et | Block 684 1.6km : 1. burial of sessile mega-
al., 1980 - Mid-Atlantic - * 3.6 fold increase in Pb at benthos and
' .| Continental Shelf 200 m macrobenthos;
* 2.5 fold increase in Ni at 2. lowest values of
- 100 m species diversity;
* 4 fold increase in Vn at 3. lower numbers of
100 m species
* increased percentages of clay | » Ba increase in tissue at
size particles within 1.6 km 1.6 km:
* cuttings piles observed mollusks: 20 fold
' polychaetes: 40 fold -
« | brittlestars: 133 fold
Houghton etal., | Cook Inlet 62 * cuttings (1.34 mm dia.) and | * substantial decrease in
1980; Leesand | C.O.5.T. well " | 20% increase in sedimentBa | number of organisms
Houghton, 1980 | Alaska | cone. 400 m north of platform; from pre- to during and
L Continental Shelf ' no piles . " | post-drilling at both 100
m and 200 m
Ray and Meck, Tanner Bank - 63 * most cuttings fell within 50 . ND
1980; Meek and | California ' m, fine cuttings within 100 m - '
Ray, 1980 Continental Shelf 200 m of the discharge source;
-* mud on cuttings washed off
during settling;
-] ® no piles
Zingula, 1975 South Timbalier 33.5 * below discharge point: * below discharge point:
Block 172 : cuttings covered by normal | 'same abundance of fauna
Louisiana marine sediments 8.5 months | in cuttings samples as in
Continental Shelf afiér drilling cessation “normal” sea bottom at
. o ' 8.5 months
US DOI, 1977 Mustang Island 36 * cuttings observéd at four 100 | » specimen abundance -
C Block 792 : m and one 500 m station significantly decreased -
Texas' * 2.5 fold increase in Ba during | along 100-m petiphery; -
1 Continental Shelf| }drilling at 1,000 m - - e effect to 1,000 m "
‘CSA, 1986 East Breaks Area’|- 76 - 160 | 7.5 fold increase in Ba and ND
S Block 166 : = |60% increase in Cr at 4 km :
Gulf of Mexico * 2 fold increase in % Fe at
‘ E 500m '
Boothe and Northwest Gulf 30m; * Ba increase within 500 m; ND
Presley, 1989 of Mexico | 100m  }2.3-11 fold for all 6 sites :

EPA COOK_INKPR 005728




9.5

Exhibit 9-1. Marine Studies of Water-Based Drilling Fluid Impaéts (Continued)

I V . Impacts (a) » |

Services, 1981

ND= ) ' ' :
Results presented represent a range of time periods relative to active drilling. Somc surveys were -

BN C))

Alaska Coastal

1@3m: 2-3¢cm

@6m:; 1-2cm
@30m <0.5cm -
. elevated Co, Cu-within 50 m

Study Site/ Water
- Study Source Location Depth (m) Sediment ‘Biota
CSA, 1988 Gainesville Area 21 ¢ increase in Ba:Fe ratio: * absence of seagrass
Block 707 90% at 4,000 m . within 300 m
Florida * incréase in Cr conc: ¢ growth inhibited beyond
.| Continental Shelf |' 11% at 300 m 300 m to 3.7 km,
* 77% decrease in
seagrass leaf count at 3.7
* burial of live bottom
communities at 25 m
CSA, 1989 Pensacola Area 50-60 * almost 3 fold increase in Ba | ¢ reduced bryozoan
Block 996 - | and Ba/Fe ratio at 2,000 m coverage within 2,000 m
Gulf of Mexico of discharge
CSA and Barry Alabama State 40-60 - |*2to5 fold increase in Baat | e elevated As in oysters
Vittor & Assoc., | Waters 1,000 m behind barrier islands
1989a,b . _ -
Bothner et al., Georges Bank ¢ 25% of barite deposited ND
11985. Block 312 within 6 km
Block 410 .* Ba transport detected at 35
Atlantic km * -
Continental Shelf * cuttings observed within 500
: ‘| m at Block 312
* cuttings observed at 2 km
station at Block 410
Steinhauer et al., | Santa Maria ©90-410 |ND * sediment flux related to
1990 | Basin decreased soft coral
California coverage
Continental Shelf o statistical power of
' study limited to 70% or-
_ greater ' -
Northern Beaufort Sea 8 * cuttings accumulation e dec‘rcase in number of .
Technical RIST Well : observed: .| organisms 3 months after
@ discharge pt: 5-6 cm discharge -

conducted while drilling was ongoing; others took place many years after drilling ceased. For greater
detail than presented in this summary, please refer to the individual study summaries that follow.
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sampling points than the control location (Lees and Houghton, 1980). These local effects have
been ascribed to both physical changes in sediment texture and toxic effects. However, studies
have not been designed to discriminate between these two potential causative factors.

The Cook Inlet Continental Offshore Stratigraphic Test (COST) well study was the only
study reviewed that carefully analyzed sediment cores for the bresence of cuttings as well as
conducted chemical analyses Barium concentrations in the sediment were found to be elevated in
samples contammg cuttmgs (defined by the authors as particles >0.85 mm) as far as 400 m from . -
the platform (Houghton etal., 1980). These analytical results suggest that some drilling fluid still

‘adheres to the cuttings and is transported and redistributed together with the cuttings. This is in
contrast to the study in which divers observed drilling fluid being washed from the cuttings as the
cuttings dropped through the water column within several meters of the outfall, although this latter
observation was visual in nature (Ray and Meek, 1980).

- The most clearly documented point source effect of these discharges has been alterations in
sediment barium (Ba), a tracer for drilling fluids solids. Observations on sediment alterations
from field studies of both single-well and multiple—well facilities include:

+ . Increases in Ba levels of 2-fold to 100-fold above background at the drill site, with typlcal
values of 10-fold to 40-fold

. Average measured background levels are reached, statlstlcally, at 1,000-3,000 m; s1ng1e
transect values have been elevated at up to 8,000 m

. Increases in Ba fall off l.0gar1thmlcallyw1th distance from the drill site; regression
“analyses indicate background levels are achieved at 2,000-20,000 m.

Increases in a suite of other trace metals associated w1th drlllmg ﬂulds (As Cd, Cr, Cu,
Hg, Pb Zn) have also been observed These increases:

¢ .Are of a lowcr magmtude than seen for Ba (gene1 ally- not more than 5- to 10 fold above
- background) -
. Are more spatially limited, when compared to background levels, than seen for Ba
. (generally withing 250-500 m of the drill site, although increases at 1,000-2, 000 m have
been noted) _
. Are noted consxstcntly asa group, but are varnable for any specific mctal among the

various studxcs

- Obsewatlons on the long-term, regional scale fate of dnllmg fluid solids indicate that the
- mater lals may.be very w1dcly dispersed over large arcas. Dlspersmn is related directly to bottom
encrgles of the 1ece1vmg water (more shallow waters bemg more energetic than deepcr waters).
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. In shallow water (13-34 m). Boothe and Presley (1989) found that only about 6% of -
discharged Ba was accounted for within a 3 km radius of three drill sites in northwestern
Gulf of Mexico; in contrast, for three drill sites in deeper waters (76-102 m) within the
same study, the authors found 47% to 84% of the discharged Ba was found within a 3 km
radius

. At these same six sites, Ba concentrations 3 km from the drill sites ranged from 1.2 to 2.9
times predicted background at the shallow water sites and at the deep water sites ranged
from 2.0 to 4.3 times predicted background (Boothe and Presley, 1989)

e Drilling fluid solids can be transported over long distances (35-65 km) to regional areas of
deposition, albeit at low concentrations, based on a study of eight wells (Bothner et al.,”
1985).

Biological effects have routinely been detected at distances of 200 m to 500 m. Less routinely,

effects have been observed at greater distances (1-2 km). These effects more typically are found

to fall into one of two categories: those that are statistically significant at the level of individual

stations but cannot be integrated into an easily defined pattem or those that are not statistically

 significant at the level of individual stations but do form significant correlations at larger levels of
integraﬁon. Specific observations are as follows: :

. The most affected community appears to be seagrass communities. Data on seagrasses are
limited to a single study, but it documented damage much more severe than in any other
study to date. Approximately 9 weeks after the drilling operation commenced, seagrasses
were completely absent within 300 m of the drill site; at adistance of 3.7 km from the drill
site, leaf biomass and leaf numbers showed only a 25% increase compared to the increases
shown at the reference station (CSA, 1988).

-+ Fauna also have been affccted including changes in abundance, species rrchness (number
of specres) and dlversrty Taxa include annelids, mollusks echmoderms and crustaceans.

*  Alterations to benthic commumty structure are virtually’ always observed within 300 m of
» the drill site. However, changés have been noted in some cases at 500-1,000 m, and a few
reports mdlcatc alterations have occurrcd at 1-2 km. . o

. Changes have been ascribed to purely physical alteration in sediment texture and to
- platform-associated structural effects (i.c., from the fouling community) more frequently
than to toxic effects. These causes are plausible, but there are not systematic studies of
their relative contribution to observed impacts.” Also, alterations due to physical causes
- may not be any less adverse than those due to toxic pollutants, and may be more pcrsrstent

.. Bloaccumu]atlon has been obscrved for a suite of mctals (Ba, Cd, Cu, Hg, Ni, Pb, V) but
the magnitude of this effect is usually low (i.e., less than a factor of- 5). :
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Synthetic-Based Fluids

The extent of the literature on field studies of impacts from discharges of SBFs is more
limited than for impacts from discharges of WBFs. However, the number of studies has increased
significantly in the last few years. EPA has identified and reviewed 16 studies, totaling 28 sites,‘
for this environmental assessmernit. A summary of the results are provided in Exhibit 9-2. Other
survey sites, and additional surveys at some of the same sites also exist. Howe\)er, difficulties
occurred in trying to review this additional information: some studies are only available in
Norwegian while others are proprietary or confidential in nature. The results of the studies
reviewed also present variability in terms of asSessing the potential for adverse impacts from
SBFs. This limited and varied information base makes drawing any generally applicable -
conclusions a difficult, and potentially unreliable, endeavor. -

One study on the domestic continental shelf, in 39 m of water in the Gulf of Mexico,
discharged a relatively small arrioﬁ_nt (354 bbl) of PAO SBF adhering to the drill cuttings (Candler
etal., 1995). At a maximum, this amount represents approximately 45 metric tons of discharged
~ olefins, which compares to North Sea di‘scha'rges of approximately 100 - 1,155 metric tons of
synthetic base fluid at each of fifteen study sites. 'Tl.le top 2 cm of sediment were sampled at
stations only out to 200 m, with 2,000 m reference stations. Synthetic base fluids, as measured by
. total petroleum hydrocarbons (TPH), showed substantial (60% - 98%) decreases between the first
and second sampling surveys (i.e., after 8 months) at all but the closest, 25-meter station. How B
much of this decrease was due to biodegradation, as opposed to sediment redistribution and
reworking, is uncertain. Although the data are somewhat difficult to interpret, it appears that little
further reductions in TPH occurred between the second and third surveys (a 16-month period).
This finding for a PAO synthetic base fluid contrasts with North Sea data on ester- and ether-type
synthetic base fluids that indicate a continuing decrease. in synthetic fluid over time. ‘Limited
analysis of benthos (the third survey only) indicated significant differences in the diversity scores
at 25 m and 50 m stations compared to reference stations. - o

EPA rcéif:ivcd information on the on-going joint Industry/MMS GOM seabed survey. The =
~ Industry/MMS workngLip completed the first two cruises of the four cruise study in time for EPA's
consideration for the final rule. Cruise 1 was a physical survey of 10 GOM shelf locations, with
the objective of detection and delineation of cuttings piles using physical téqhniques. Cruise 2 was
to scout and screen the ﬁnal 5 shelf and 3 deep water GOM wells chosen for the dcﬁnitive' :
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R v 1992 1993 as cited in Schaanning, 1995). Schaanning reports results from three sur veys, one in

9-13

study where SBF were used. The SBF-cuttings discharges included either internal olefins or
LAO/ester blends. Both cruises did not detect any large mounds of cuttings under any of the
platforms. Remotely operated vehicles (ROV) using video cameras and side-scanning sonar were
used to conduct the physical investigations on the seabed. Video investigations only detected small
cuttings clumps (<6") around the base of some of the platforms and 1" thick cuttings
*accumulations on platfonn-horizohtalicross members. Outside of a 50-100' radius from the
platform, no v151ble cuttings accumulations (large or small) were detected at any of the platform
survey s1tes

For three North Sea study sites, EPA reviewed the impacts from the discharge of SBFs. At
 awell site (K14-13) in the‘D'utch.sector located at a depth of 30 m, approximately 180 metric tons
of ester SBF (resulting from the discharge of approximately 477 tons of adherent synthetic base
fluid) were diséharged (Daan et al., 1996). Surveys occurred 1 month, 4 mbnths, and 11 months
after SBF discharges ceased. The synthetic base fluid was detected in the upper 10 cm of
sediment to a distance of 200 m from the discharge site (which was the farthest distance sampled
in the second survey). During the second survéy, sediment ester levels appeared to increase, a
phenomenon that the authors surmised was related to resuspension and transport of highly |
contaminated and heterogeneous sediment very near the discharge becoming spread out and more
wellﬁmixed over a larger.area between surveys. "Significant decreases of 65% to 99% in sediment
ester levels occurred, however, between the second (4 month) and third (11 month) surveys.
Effects on benthos were more extensive: for the second survey effects were noted at 500 m
stations, with much more prorldunced effects within 200 m. Benthic analyses from the third survey
indicated significant effects occurred only to 200 m. Additionally, recolonization and recovery at
500.m to 3000 m stations were also noted as occurring within the study area after 11 months.

_ - EPA reviewed results from a study of the discharge of 97 metric tons of an-ester SBF in the
‘Norwegian sector (Ula well 7/12-9) in a water depth of 67 m (Schaanning,.1995). | Surveys were

~ conducted immediately, one year, and two years after discharge ceased. Sediment ester levels fell

_ dramatically, with both maximum values and average values within 1,000 m decreasing more than
five orders of magnitude over the course of the study, and more than three orders of magnitude -
between the first and second surveys. ‘Benthic organisms were severely impacted out to 100 m in
the first survey (immediately) after discharge ceased. Two years after discharge ceased, the study
- found an increase in the number of organisms but a decrease in the number of taxa. |

, - EPA reviewed results from a study of the dischargc of 160 metric tons of an ether SBF in
" the Norwegian sector at the Gyda well site 2/1-9 that were presented in 'Schaanning (Bakke' etal.,

1991, 1992, and 1993. Ether levels seemed to fall continuously, with mean ether levels decreased
by factors of 2-fold and 10-fold for 1992 and 1993 compared to 1991. This degree of degradation
s considerably less than that repbrted above for the ester SBF at the Ula well site. Schaanning
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interpreted these results as indicating that a lag phase occurred in the bxodegradatlon of the ether
base fluid. Benthos were analyzed only at four stations in 1993 no data were reported although
Schaannmg states that Bakke et al. (1992) observed “remarkably weak” effects.

There is very little information upon which to base any broad conclusions about the
potential extent of impacts from SBFs. It appears that biological impacts may range from as little
as 50 m to as much as 500 i shortly after discharges cease to as much as 200 m a year later. Ester
SBFs appear to be more readily biodegraded in North Sea studies than an ether SBF; the Guif of
Mexico study suggests PAOs also are less biodegradable than esters. Also, although esters appear

to be readily biodegraded, one study indicates the persistence of uncharacterized “minor” impacts
on benthos after synthetic base fluid levels have fallen to reference levels. These limited data,
however, are not entirely adequate as a basis for any reliable pro;ectlons concerning the potential
nature and extent of impacts-from discharges of SBFs. However, the reported adverse benthic

~ community impacts occurring shortly after discharges cease, are expected, given the basic SBF and
‘marine sediment chemistry, the level of nutrient enrichment from these materials, and the ensuing
development of benthic anoxia. The extent and duration of these impacts are much more

_speculative. Severe effects seem 11ke1y within 200 m of the discharge; impacts as far as 500 m
have been demonstrated. The initiation of benthic recovery seems likely within a year, although it
also seems unlikely that it will be_complete within one year. And the relative impacts of the

- various types of SBFs is specﬁlative given the paucity of field data for laboratory versus field
correlations. :

- Drilling Fluid Impact Comparison

As described in the preccding sections, the reviewed scabed surveys measured either
sediment or biologic effects from discharges of either WBFs or SBFs. S'peciﬁcally, indicators of
- drilling fluid impact of seabed sediments are determined by measuring drilling fluid tracer
concenfrations (as either barlum or SBF base ﬂuld) in the sediment at varying distances from the -
~ drill site in-an attempt to determine fluid dispersion and range of potential impact. - Another class
of impacts frequently measured are benthic community effects. The purpose of these studies i is to
assess potential drtllmg fluid affects such as increased metals and/or anox1a on biota.

, Exhlblt 9-3 summarlzes the major impacts arising from the dlschargc of WBFs and SBFs,

- The dlstancc in which SBF tracers are detected (100 m to 2 kim) is much less than that of WBF
(400 mto 35 km). Likewise, the impact on the biologic community is not as far-rcachmg for SBF 8
(50 m to 500 m) as for VW3Fs 25m to 2, OOO m), '
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Exhibit 9-3. Water-based and Synthetic-Based Drilling Fluid Impact Comparison

Water-Based Fluids (a) ' ' Synthetic-Based Fluids (b)
Studied Sediment . Biota_ ' Sedimeyt Biota
seabed |Fraction of Fraction of Fraction of| Fraction of
impact studies Max studies Max ‘studies Max studies Max
noting range of noting | rangeof | noting range of' noting range of
impact (¢) | impact | impact(c) | impact | impact(c) | impact | impact(c) | impact
Elevated 9/10 400 m - 171 1.6 km 23/23 1,000 m - -~ -
tracer conc. ] 35km 2,000 m :
d@ ' | |
‘Negative | - - 78 25m- . - 4/6 S0m-
community . . 2 km 500 m
impact ’ : '
(@ A total of 17 water-based fluid seabed survey studies were reviewed.
(b) A total of 28 synthetic-based fluid seabed survey study sites were reviewed.
(0) The fraction equals the number of studies noting an effect from the total number of studies measuring the
corresponding impact.
(@ For water-based fluids the measured racer in both sediment and biota was barium (see Exhlblt 9-1); for

synthetlc-bascd fluids either total petroleum hydrocarbons or the synthenc fluid was mcasured (see
Exhibit 9-2). :

9.22  Study Limitations

One of the major limitations in comparing data between the seabed surveys was the

inconsistency in sampling rrieth_odology that was used, both spatially and temporally. The
reviewed studies were often conducted using a variety of different sampling methods. Spatially,
- sampling locations were determined or chosen in one of several ways. Some studies established

monitoring sites located radlally from the discharge point. Others chose the drilled well location
s the hub of the radial or intersecting transects. The Candler seabed study used the four compass
~ directions as the transects, whereas the Daan study used only two transects, the direction of which
was determined by the prevailing water current (Candler et al., 1995; Daan et al., 1996).

In one study (Daan et al., 1996), results of the pre-discharge survey were the basis for

changing the transect orientations from cross-bathymetric to isobathymetric orientation. This
‘invalidates comparison between these survey years. In another study (Schaanning, 1995), two

reference stations were reasonably located at 5-6 km distance from the well site: However, these
‘reference stations also showed a clear temporal pattern in sediment Ba and total hydrocarbon - -
“(THC) levels that suggest potential drilling waste contamination. Specifically, reference station

THC levels decreased from 2.3 mg/kg to 0.25 mg/kg, to 0.09 mg/kg over 1990, 1991, and. 1992
~surveys. Reference station barium levcls decreased from 265 mg/kg to 78 mgjkg to 55 mg/kg over
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the same period. These results throw some doubt on the validity of the reference stations despite
their appreciable distance from the drill site.

Other variations in sampling are the sampling point locations on each of the transects. For
example, sampling stations in one study were located 100 m and 500 m from the discharge point
(U.S. DOI, 1977). In another, sampling stations were located much closer, e.g., 25,65,and 85 m
(CSA, 1988). In addition, several seabed surveys of WBF discharge used underwater TV (UTV)
in which divers filmed the seabed. However, the UTV of locations where cuttings were noted
were not necessarily the location of these sampling stations (CSA, 1988).

Sample collection protocols often varied between studies. For example, in the North Sea
Ula Well site seabed study, only the top 1 cm of sediment was collected and analyzed for ester |
“concentrations (Smith and May, 1991). Other studies have collected deeper sediment cores, e.g.,
from the upper 2 cm for the Gulf of Mexico study site, or from the upper 10 cm for the Dutch sector
‘North Sea (K 14-13) study sites. This difference in sampling protocol has led authors to different
conclusions. In the Smith and May study, the authors concluded that because the SBF base fluid

 was novlc')nger detected in the sediment seabed, recovery had occurred. Other authors have

concluded that synthetic based fluid migrated deeper into the sediment, suggesting that vertlcal
redlstrlbutlon is occurring as ‘well as horizontal migration and redlstrlbutlon

Temporally, sampling was conducted using many different time interval configurations.

‘Several studies conducted a pre-discharge survey in order to collect background information on

the site and as a comparison or control for the drilling impact assessment. However, not all.

studies conducted pre-discharge surveys. - Instead, reference stations, often located at arbltrary

, 'dlstanccs from the discharge point or well were used. Often, the seasonality of the pre-discharge

survey was not maintained in later post-discharge surveys. - Biologic parameters such as

abundance, Species diversity, and species richness are particularly seasonally dependent Though

spatial reference stations provide relative data to that collected in the vicinity of the discharge ,
point, a combmatlon of pre-discharge and- post-dlscharge sampling surveys during the same season
provides a more accurate comparison. o

Though most studies rcv1ewed included at least one reference station w1tlnn the study
design, several studies, such as the Mustang Island, Texas study (U.S. DO, 1977) did not collect
samples from such a station. The importance_of a reference station is to prov1dc the background or
" control information against which changes can be measured. The absence of background data
during each sampling event discounts env1ronmcntal cffects such as the above’ mentioned seasonal
effects i 1mpmg1ng ona ]argcr arca

Several studics, such as that in the Beaufort Sea conducted the pre-drilling survey in the
carly spring, the first post-drilling survey in late spring and the final survey in late summer
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(Northern Technical Services, 1981). Benthic-community structure undergoes significant changes
during the spring and summer as growth and development occurs. This is compbunded by the

* Arctic location which has a very short but intense growing season. The authors in this study

. mentlon seasonal impacts as a source of data variability, however, they neither de31gned the study -

" to account for this variability nor conducted an analysis of the developmental effect on the benthic
community during the growing season. Instead, the lack of a decrease in values of abundance was
interpreted as an indicator of no impacts by drilling effluents, rather than an indicator of potential |
interference in benthic growth (Northern Technical Services, 1981). The absence of a reliable -

“temporal control results in a dependence on spatial reference station integrity, which may be
compromised by discharge impacts or natural interstation differences.

Due to the importance of samplmg methodology in influencing the type of results generated
the lack of a standard sampling protocol or methodology affects the level of confidence in the data.
Therefore, data generated from different methods may not always be directly comparable.

‘ Limitations were also found in data analysis and interpretation as presented by the authors.
One issue was that of the treatment of data outliers. In the Candler synthetic-based fluid stu_dy, the
mean total petroleum hydrocarbons (TPH) was used to represent the concentration of TPH inthe
sediments. However, a closer look at the raw data reveals one replicate samﬁle with a large TPH
concentration dccfease and three replicates with a concentration increase. The presentation of
average TPH in all replicates masks a potential trend demonstrating synthetic-based fluid
transport.

. Two issues related to data analysis concern the broader environmental field study
' problcms of natural, sampling, and analytical variability as well as the statistical power of -
analyzing and interpreting the data gathered. Because of high levels of natural, sarnplmg, and
* analytical variability and high costs inherent to marine field studies, the statistical power of such
- studies is limited. That is, in order to detect an effect that is statlstlcally 31gn1ﬁcant the magmtude .
of the change in a given parameter ranges from “large” for chemistry data to “very- large” for
biological data. Many of the surveys reviewed concluded that the discharge of drilling fluids and
cuttings do not produce an effect on biota or have shown statistically significant adverse effect
only to a limited spatial extent, i.e, to.several hundred meters. For example, the CSA, 1989 study
at the Pensacola Block 996 states that “...only catastrophlc, large scale changes (e.g., complete
_mortality) would be evident from these [observed photographic] data. Qualitative and quantltatxve
 visual data revealed that such mortalities did not occur.” Even in the Santa Maria Basin study, one
‘of the most sophisticated and well-funded studies conducted, sampling at 60 photoquadrants per
' statlon per cruise rcsulted in the ability to stat1st1cally resolve 70% reductions or greater in coral -
coverage. This level of detcctablhty gives some measure of definition to and: confidence in the
study s conclusion that “No statlstlcally significant changeq were noted.”
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In summary, the lack of standard sampling methodology, differing monitored and analyzed
parameters and differing study purposes presented in the reviewed articles limits the ability to
compare effects of WBF and SBF on the seafloor. However, realizing the data limitations, useful
information can be extracted from the various studies and used in evaluating general trends and
ranges of impacts. ' '

9.3 Summary of Relevant Field Sfudies
- 931 Water-Based Fluids

Zingula, R.P. 1 975 Effects of Drilling Operations on n the Marine Envzronment in:
'~ Conference Proceedings on Environmental Aspects of Chemzcal Use in. Well—Drzllzng
Operations, Houston, Texas, May 21-23, 1975.

- The author described observations of cuttings piles in drilling and post-drilling sites in the
Gulf of Mexico. According to the author' diver surveys and side scan sonar records have shoWn
typical accumulation in the Gulf of Mexico to be approximately 150 feet in diameter (46 meters),
with the outline belng circular, elongate or star burst, depending on currents. Maximum elevation
of these plies immediately after drilling a well appears to be less than 3 feet (1 meter).- Several
months after drilling, the height of the cuttings piles is less than 6 inches. No specific observations
“were cited to support these data.

In 1971, cuttings piles were photographed while drilling occurred in South Timbalier
Block 111. The water depth was approx1mate1y 80 feet (24 meters). Photographs were taken
below the platform to illustrate “normal” bottom conditions and 70 feet downcurrent where
cuttings were present. According to the author, rnoblle organlsms such as crabs were moving
: around on top of the fresh cuttings plles ‘

In order to observe cuttings after cessation of drllllng, a 31te was chosen in South
Timbalier Block 172, which had not been drilled for 8-1/2 months. Water depth was 110 foet
(33.5 meters). The first dive was to record “typical” bottom condltlons in the Gulf, outside the
area of any cuttings accumulation. The sea bottom consisted of a thin surface layer of very softand
unconsolidated mud, underlain by sticky clay with some sand. The bottom was highly burrowed,
and there were numerous whole and broken mollusk shells. : :

The second dive 1dent1ﬁed apile.of cuttmgs The surface was also highly burr owed

_ indicating the presence of numerous benthic organisms.. In addition, ‘there was a thin accumulatlon
of very soft and unconsohdated mud, indicating that marine sediments are already covering the

» v-cuttmgs '
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A sample was taken of the top two inches of sediment cuttings at the location of the second
dive. The cuttings were somewhat rounded by partial disaggregation of the clays from the
swelling due to seawater adsorption and possibly from abrasive current action. These clay chips
also showed a brownish oxidation on the exterior, further evidence that the chips were undergomg
weathering. '

Fauna in the cuttings sample were compared to that found in the “normal” sea bottom
sample. According to the author, both samples contained essentially the same fauna and in
essentially the same abundance. Present i in both were nearly 30 species of foraminifera, more than
15 species of mollusks and micromollusks, several species of bryozoans (both free specimens and
coating mollusk shells), echnoid spines, ophiuriod ossicles, crab fragments, etc.

Ray, J.P. and E.A. Shinn. 1975. Environmental Effects of Drilling Muds and Cuttings. in:
Conference Proceedings on Environmental Aspects of Chemical Use i in Well-Drilling
Operations, Houston, Texas. May 21-23, 1975.

_ Diver observatlons of the benth1c_ environment in the vicinity of a drilling platform were ‘
described by the authors. Duﬁng cuttings dischargé, the heavier cuttings fall straight to the bottom
to add to the cuttings pile. According to the authors, there is no doubt that sessile benthic
organisms which cannot move about are buried by the cutting pile. '

In depths below the effects of wave action, the cuttings piles produce a hard substrate
capable of supporting a diverse and large number of organisms. It must be noted that this study did
not collect any sediment cores so that no accounting of the benthic community was taken, either

pre- or post-drilling. The authors, however, concluded that there are no observable detrimental
effects on the marine life beneath Gulf of ‘Mexico platforms.

~

U S. Department of the lnterzor 1 977. Baseline Momtormg Studies, Mzsszsszppz Alabama .
Florida, Outer Continental Shelf, 1975-1976. Volume VI. Rzg Monitoring, (Assessment
of the Environmental Impact of Exploratory Oil Drilling). Prepared by the.State
University System of Florida, Institute of Oceanography Contract 0855 0-CT5-30
Bureau of Land Management Washzngton, D.C.

.A study was conducted to provide a pre- durmg- and post-drlllmg assessment of selected
blologlcal chemical and geological aspects of the environment in the v1cm1ty ofan cxploratory
drilling well. The monitoring survey was centered on a drilling location near the north lcase line
of Mustang Island (Tcxas) Block 792 Water depth was approx1matcly 36 m.

, - The sampling pattern was in the form of a whec'l with eight spokes centered on the well.
) Samp]ing points were located at distances of 100, 500, and 1,000 m from the drill site along each

EPA COOK_INKPR 005743



920

spoke. Thus, there were a total of twenty-five samplmg points, including the drill site before and
after operations and twenty-four pomts during drilling.

For clay mineralogy and standard sediment parameter analyses, two sediment samples
~were collected from each station by a diver filling PVC cores with sediment. A 9.1-m semi-
_ balloon trawl was towed at a speed of three to six km/hour to collect macroepifaunal samples
from each of the sampling points for trace element and histopathological analyses. The low
number of epifauna in the study site limited histopathological examination to specimens of only
two species of nektonic shrimp. One sediment core sample was also collected by divers at each
station. The core was then subsampled for foraminifera and the remainder of the core was -
archived. ' ‘

The clay mineralogy of the bottom sed1ments consisted predommantly of smectlte followed
by illite and kaolinite. Smectite levels did not change throughout the study period, however, illite
levels significantly mcreased whereas kaolinite decreased during and after drilling. Sand, clay

and CaCO; levels_mcreased and silt levels decreased during _drllhng operations. :

Durmg the active drilling phase, the authors noted that drill cuttings were spe01ﬁcally
observed at only four 100-m periphery stations and one 500-m periphery station. Drill cuttlngs
- were still observed at these same ﬁve stations in the after-drlllmg phase but were notably less
'abundant

The foraminiferal community composition indicated a “stressed environment” prior to
drilling operations, and drilling activities further increased the stress. Total and live specimen
abundance in samples collected during drlllmg were significantly less than those in the pre-drilling
samples The greatest effect on specimen abundances occurred along the 100-m perlphery, but
adverse effects were demonstrated out to the 1000-m periphery. However, the authors did not
state if the cores at 100 m where the benthic fauna were sampled 1ncluded cuttmgs samples

, ‘Ray, J.P. and R. P Meek 1 980. Water Column Characterzzatzon of Drilling Fluids Dispersion
Jfrom an Offshore Exploratory Well on Tanner Barik. in: Symposium, Research on
Environmental Fate and Effects of Drilling Fluids and Cuttings, Lake Buena Vista,

- Florida, January 21-24, 1 980. API Washmgton, DC. :

From January to March of 1977 a dnllmg muds and cuttings dlscharge momtonng program
~was conducted froma sem1~submers.1ble drilling platform on ‘Tanner Bank, 161 kin west of Los
Angcles, California, The drill site was located in 63 m of Watcr Dlscharges during the study
were from a 0.3 m diameter pipe located at a depth of approximately 12 m below the surface of the _
water. Photographic records were made by scuba divers using 35 mm stills and 16 mm movies.
‘Surveys of bottom conditions directly bencath the discharge and in.adjacent areas were made from
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a research submersible. Observations and aerial photographs of plume characteristics also were
made from helicopters.

: Diver observations showed that as cuttings exit the discharge pipe, the materials
simultaneously separate in three directions: upward, downward and horizontally. The heavier
cuttings and some associated mud began an immediate vertical drop. Cuttings were often “glued”
together by drilling mud and fell to the bottom as large aggregates. The authors hypothesized that
this may be a mechanism for the ‘transport of small quantities of undiluted drilling mud d1rect1y to
the sea floor beneath the dlscharge point. However, the divers observed that much of the mud
adhering to the cuttings was washed off as they fell through the water column. These lighter
fractions dispersed horizontally under current influences:

Observations made beneath the platform and on the nearby reef from the research ‘
submersible showed no visible signs of mud or cuttings accumulation. The authors stated that due
- to the high energy water movements present on Tanner Bank, these results were not unexpected.

Meek; R.P. and J.P, Ray 1980. Induced Sedimentation, Accumulation and Transport Resulting
- from Exploratory Drilling Discharges of Drilling Fluids and Cuttings on the Southern
California Outer Continental Shelf. in: Symposium, Research on Environmental Fate
and Effects of Drilling Fluids and Cuttings, Lake Buena Vlsta Florida, January 21-
24,1980. API, Washmgton DC.

- From January to March of 1977, a drilling fluids and cuttings discharge monitoring .
-program was conducted from a semi-submersible drilling platform on Tanner Bank, 161 km west -
of Los Angeles, California. The drilling site was located in 63 m of water. The authors:
investigated sedimentation because of concerns that accumulations of sediments including cuttings
- could smother important blotlc ‘assemblages such as the relatlvely rare stylastcrme hydrocoral
Allopora calzformca ' . - :

. To evaluate the spatlal and temporal dlstrlbutlon of settled solids, 19 sedrment traps were
‘placed at various distances around the exploratory drlllmg platform. In addition, 9 pre-
-operational, 45 operational, and 11 post-operational sediment grabs were taken at varying -

distances from the drilling platform to evaluate accumulation and transport of the settling
‘materials. A pair of modified Van Veen samplers were used to capture undrsrupted surface .
sediments. Both sediment and grab samples were analyzed for total solids and WBF trace’ element
concentrations of barium, chromlum and lead using atomic absorptron spectroscopy

Over the 85- day study petiod, 2,854 barrels of muds and cuttings were drscharged
Cuttings dlschargc accounted for approxnnately 96% or 825,530 kg of the total dlschargcd solids. .
Based on particulate composition, water depths and currents, the largest cuttings falling at speeds
of 10 cm/sec fell stratght down and would not reach traps just outside the platform perimeter. An
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analysis of the materials collected from traps located at 65 m and 120 m downcurrent of the
discharge source demonstrated that finer materials were captured at the 120 m trap as would be
expected given lower settling velocities as particle size decreases. However, both traps captured
- some fine cuttings and mud components with low settling velocities (less than or equal to 1
cmy/sec). This indicated to these authors that within 200 m of the discharge, some aggregation of
fine particles has-also occurred.

. Based on cuttings fall velocities, the decreasing measured sedimentation rate with
increasing distance from the source, and the conglomerate effect of flocculation of drilling fluid
components, the authors stated that the vast majority of the solids unaccounted for most probably
fell to the bottom w1th1n the 50 m radius directly beneath the platform From direct observations
made by divers and submersible craft during the course of this study, who noted the absence of
cuttings piles, the authors concluded that the majority of these settled solids were resuspended
from the sea bed and redistributed. The authors calculated from sediment trap and adjacent pre- an
post-drilling grab data that 70 to 80% of the settled solids and components were transported.

Houghton, J.P., et al. 1980. Drilling Fluid Dispersion Studies at the Lower Cook Inlet, Alaska,
C.O.8.T. Well. in: Symposium, Research on Environmental Fate and Effects of Drilling =
Fluids and Cuttzngs Lake Buena Vista, Florida, January 21-24, 1980. API, Washmgton :
DC ,

This study presents results of oceanographic studies and measurements and modeling
predictions of the fate of discharged fluids and cuttings in the environment. The Lower Cook Inlet
Continental Stratigraphic Test (COST) well was drilled between June 7, 1977 and September 26,
1977 with the Ocean Ranger semi- submersible drilling vessel. The well was located in the - ,
~ central portion of Lower Cook Inlet approx1mately 57 km WSW of Homer, Alaska and 38 km ENE
~of Augustme Island. The water depth at the site was 62 m.

The physical marirxe environment in Cook Inlet is deminated by large tidal fluctuations and
strong currents The authors measured these oceanographlc parameters. Mean and diurnal ranges
‘were calculated to be 4.6 mand 5. 3m, respectively. Currents were measured at the COST well

. usmg current drogues and two arrays of Endeco 105 current meters. Current meter data mdlcated
mean maximum flood currents of 52, 62, and 78 cm/sec for meters placcd near the bottom, at
" midwater, and near the surface, respectlvely. Mean maximum cbb currents were 42, 68, and 104
' vcm/sec, respectively at similar depths. | ' '

The seabed in the COST well area was roported to be typlcally sand or gravel waves, w1th
hetghts occasionally greater than 3 m. Sea floor reconnaissance at the well site and adjacent areas
- was conducted using UTV and various bottom samplers. The authors mapped the drilling mud
‘plume upon discharge using a dye lnjectcd into the drnllmg effluent, In addition, plume modelmg ’
was conducted and results were comparcd to ﬁcld data,
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Bottom sampling and specially designed drilling effluent traps were used to define
deposition of cuttings on the sea floor in the vicinity of the drilling vessel. Two specially
designed drilling effluent traps were constructed to measure the potential deposition rates and their
- particle size distribution. One trap (T-2) was deployed é’pproximately 2.9 km WNW of the Ocean
Ranger, the other trap (T-1) was deployed 100 m NNE of the discharge point from the platform.
Samples from.the drilling effluent traps were passed through a 0.85-mm screen and the portion of
the sample larger than 0.85 mm was examined under a microscope on a grain by grain basis for the
presence of cuttlngs Approximately 2.4 gm of cuttings were identified in T-1 giving a calculated
depos1t10n rate of 5.24 x 10° g/hr/n?. No cuttmgs were identified in the control trap T-2.

Bottom samples were obtained with a Souter-Van Veen grab sampler at various locations
near the drilling vessel. Core samples 8 cm in diameter were taken from the sampler, sectioned
vertically at 0.5-cm intervals, then screened, and examined for cuttings (defined as particles
greater than 0.85 mm in diameter). These analyses indicated that the sea floor was sufficiently
mobile to entrain cuttings to a depth of at least 12 cm into the sea floor by the end of the well
(approximately 3 months duration). The maximum cuttings percentage in the sediments identified
in any bottom sample was less than 3 percent by weight and was found 100 m north of the .
discharge. Analysis for barium sulfate and barijum showed that drilling mud was being carried to

~ . the sea floor with the cuttings. Though the authors do not state in the text, presented data indicate

that 1.34 mm cuttings are found 400 m north of the platform with slightly elevated barium
concentrations of 680 g/g in the corresponding sediment sample. Background or pre-drilling
barium sediment concentrations were 560 jLg/g. »

The authors concluded that the heavier cuttings material deposited on the sea floor was
enfrained vertically into the sediment since the sandy bottom was quite mobile. Benthic sampling,
core analysis, and UTV examination verified that cuttings did not accumulate on the sea floor asa
cuttings pile. In addition, the relatively low increase in sediment barium levels suggests that near— '
bottom currents agitate newly fallen cuttmgs with the natural sands exerting a washing actlon that
cleanses cuttings of adhering barite. ' :

Lees, D.C. and J.P. Houghton. 1980. Effects of Drilling Fluids on Benthic Communities af the
- Lower Cook Inlet C.O.8.T. Well. in: Symposium, Research on Environmental Fate and
- Effects of Drzllmg Fluids and Cuttings, Lake Buena stta Fiorza'a January 21-24,
1980. API Washmgton, DC

The major purposcs of this qt'udy were to (1) determine species composition and _
abundance of the benthos in the area of the well site, and (2) evaluate the extent to which changes
were attributable to drilling activities. The Lower Cook Inlet Continental Stratigraphic Test
(COST) well was drllled ‘between June 7, 1977 and September 26, 1977 with the Ocean Ranger
‘semi-submersible dfillin g vessel. The well was located in the central portion of Lower cook Inlet
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approximately 57 km WSW of Homer Alaska and 38 km ENE of Augustme Island. The water
' depth at the site was 62 m. :

Benthic samples were obtained by Ponar grab samples before, during and at the coriclusion .
of drilling operations. For each of the time peﬁods the number of species, species diversity, and
-number of organisms were evaluated for 10 stations, each at 100 m north, 200 m north, and the
control located 1,700 m east of the drilling vessel.

Results are presehtéd‘in Exhibit 9-4. The authors mentioned that the increase in the number
of organisms and variation in the number of species and species diversity for the June, July and

‘ September time points (corresponding-to before, during and after drilling) is most probably due to

seasonal variations. However, the authors did not discuss that compared to the control location

samples, the number of organisms had substantially decreased in the during- and post-drilling

surveys at both the 100-m and 200-m locations. |

Mariani, G., Sick, L., and Johnson, C. 1980. An.Environmental Monitoring Study to Assess the
- Impact of Drilling Discharges in the Mid-Atlantic. IlIl. Chemical and Physical
Alterations in the Benthic Environment. in: Symposium on Research on Environmental
Fate and Effects of Drilling Fluids and Cuttmgs Lake Buena stta Florida, January
21-24, 1980. API, Washmgton DC. ’

“The objective of this study was to characterize and determine chemlcal (trace metal) and
physical (gram size, clay mmeralogy) changes of the sediment. ThlS study also analyzed tissue of
three representative benthic taxa for trace metal content ‘brittle stars (prlmanly Amphioplus~

- macilentus), molluscs (prlmarlly Lucmoma flosa) and polychaetes

Two benthic sampling surveys were conducted. A pre- dnllmg survey was conducted in
July and August 1978 and a post-drilling survey was conducted in July 1979. The pre-drilling.
survey area comprised a 1.6 km radius around the well site whlle the post-drilling survey was
extended to a 3.2 km radivs. :
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EXhlblt 9-4. Comparison of Sampling Area of Averages for Numbers of Species, Organisms,

and Species Diversity for the Survey Periods

Survey _ v
Period 100-m 200-m Control
Mean number of species (S
June 9.9 +3.2 (a) o 8.5+ 3.1 (b)
July -9.0+2.1 124£25 175+ 3.5
" | September 10.7+ 1.6 11.3+£27 15.8+5.7
| ~ . Mean number of organisms (N)
June 35.1 +21.3° L 433 £37.4°
July 28.2+14.4 41.8+99 80.0+61.4
September . 59.7+£29.9 - 41.4 +20.5 183.7+ 1104
‘ Mean species diversity (H)
June 2,10+ 0.4 L 1.51+0.31°
July 1.98 £0.51 2.16 £ 0.48 2,70 £ 0.40
September 2.00£0.23 2.17+0.23 1.78 £ 0.54

. (@  Based on samples 3,4, 1 1,16, 17, 18, 19 in the area of both 100-m and ZOO-m stations.
~ (b) . Based on samples 28, 29, 30, and 31.about 1,000 m from Anchor Buoy 4 (AB-4).

Six samples were collected with a Smith-Mclntyre or modified Ponar Grab at each station
~ for the physical, chemical, and biological analyses. Upon retrieval of each grab, two sediment
cores (one for sediment granulometry and one. for trace metal analyses) were taken near the center
of the grab.

The physical alteratlons that took place durmg the post-drllllng survey mcluded mcreased
percentages of clay size partlcles within the immediate vicinity of the well site (46 meters) and
_extending out to approximately 800 meters. The increased per centages of clay within the sampling

grid were accompanied by changes in proportions of clay minerals in the area. The authors stated
- that these changes in clay percentage and mineralogy suggest that fine materials were deposited
‘around the well site during drilling operatlons :

Increases in the concentratlon of lead, barium, nickel, vanadxum and zinc for bottom
sediments were detected during the post-drilling survey. The authors presented metals
concentration data as a spatial distribution, lnghhghtmg the trend of metals in sediment
concentrated around the drill site.in the pre-drilling survey and distributed at low but fairly even

) concenlrat:onq to 1.6 km in the post-drilling survey. Barium concentration mcrcascd 21 fold at 1.6
km, lead increased 3.6 fold at 200 m, nickel mcreased 2.5 fold at 100 m, and vanadium increased
4 fold at 100 m.
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Analysis of tissue samples of brittle stars, molluscs and polychaetes collected during the
post-drilling survey revealed that each group had significantly higher barium and mercury content
than tissue samples collected during the pre-drilling survey. The barium concentration in
mollusks, brittlestars, and polychaetes collected at 1.6 km increased 20 fold, 133 fold, and 40
fold, respectively, whereas mercury concentration increased 4 fold, 18 fold, and 30 fold,
respectively at the same distance, Increased mercury conteut was detected in these organisms -
despite the fact that data showed mercury concentrations in the sediment were below the detection
limit of 0.05 pg/g, indicating that the mercury was bloaccumulatmg

Menzie, C., Maurer, D., and Leathem, W. 1980. An Environmental Momtormg Study fo Assess
the Impact of Drilling Discharges in the Mid-Atlantic. IV. The Effects of Drilling
Discharges on the Benthic Community. in: Symposium on Research on Environmental
Fate and Effects of Drilling Fluids and Cuttzngs Lake Buena Vista, Florida, January

- 21-24, 1980. API, Washzngton DC.

The objective of this paper was to describe the short-term enviroumental effects of drilling -
 fluids and drilled cuttings on marine benthos around exploratory well NJ 18-3, Block 684 on the .
Mid-Atlantic Continental Shelf. The study was conducted within two weeks following the

- termination of drilling. The leased block was located approximately 156 km off the coast of New

- Jersey and had an approx1mate water depth of 120 meters.

Two surveys were conducted to examine thé abundance and composition of the benthic-
fauna in the vicinity of the well site. A pre-drilling survey was conducted in July and August 1978
and a post-drilling survey was conducted in July 1979. The pre-drilling survey area comprised a
3.2 km diameter area around the well site while the post-drilling survey was extended to a 6.4 km
~ diameter area.’

~UTV surveys were conducted during the pre- and post-drilling surveys to provide _
. information on the spatial distribution of megabenthic epifauna around the well site and to examine

- 'physical‘ changes in the benthic environment resulting from drilling operations. - Ten UTV transects

(200-1,000 m in length) were made throughout the survey area durmg the pre-drxllmg survey, .

' ‘whlle 11 transects (150- 900 m in length) were made durmg the post-drilling survey. '

During the pre-drilling 'survey, 40 b'enthip statibns were samplcd, of which 22 were
analyzed in a radial pattern around the well site, while during the post-drilling survey, 48 benthic -
stations were sampled, of which 41 were analyzed. The rest of the samples were held for later
possible analysis. Six grab samples were collected at cach station, of which two were analyzed
. for fauna while the 1cma1nder were held for future analysis,

- Benthic samples were washed ona0.5 mm mesh sieve to remove silt, clay, and fine sands
The matcnal retained on the sieve was prcserved with 10% buffered formalin- Rose Bengal
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solution. Macrobenthos were sorted from these samples and 1dent1ﬁed with the aid of
stereoscoplc and compound mncroscopes

Seafloor UTV observations during the pre-drilling survey revealed a nearly featureless
bottom topography interrupted by burrowing and feeding mounds of benthic invertebrates. During
the pre-drilling survey, the sediments were comprised of medium-fine sands with a silt and clay
content of 16-25%. During the post-drilling survey, bottom UTV observations revealed that
sediments in the immediate vicinity (approximately a 75 m radius) around the well site were
comprised of patches of drilling discharges (primarily semi- consolidated, natural subsurface clay
materials) Whlch altered the microtopography of the area. Mounds of this material were generally
less than 10 cm in height. Debris (e.g., small pieces of pipe, tires, rope) was also observed in the
immediate v1c1mty of the well site. Side scan sonar showed the bottom scour marks of anchor
chains radiating out from the well site. Sediments in areas beyond the immediate vicinity of the
well site appeared similar to those observed during the pre-drilling survey. -

Fish (primarily hake, Urophycis spp.) and crabs (primarily Cancer borealis) increased
substantially between pre- and post-drilling surveys in the immediate vicinity of the well. The

- authors speculated that these organisms may-have been attracted to the region as a result of the

mcreased microrelief afforded by the cuttings accumulations. High densities of sand stars were
observed near the well site, apparently associated with accumulations of mussels (Mytzlus edulia)
that had fallen from the drilling rig and assoc1ated anchor chains.

~ Sessile megabenthos (pennatulids) and macrobenthos were subjected to burial by drilled ‘
cuttings within the immediate vicinity (i.e., within approximately a 75 m radius) of the well site.

Measures of species diversity, species rlchness and species evenness obtained prior to the
onset of drilling were high and relatively constant over the sampling area. Species-diversity of
macrobenthos collected during the post-dnllmg survey were within the general range observed for
" the shelf break region, though some values were lower. The lowest values during the post-drlllmg

survey were observed in the immediate vicinity of the well site (75.m). Lower numbers of species
- generally reflect the lower numbers of organisms observed at some stations.

Based on the patchiness in the distributioﬂ of the species and in density, the author
hypothesized that the variability represented differences between plots in which the infauna had
been buried by cuttings and those which had escaped burial or in which recolonization had
occurrcd but supporung_data were not prcscnted

Differences in the nature of infaunal assemblages were partlcularly clear whcn pie- and

L pOSl.-dl illing survey data for densitics of major taxa were compared. Pooled dcnsmes of annelids,
- ‘molluscs, echmoderms and crustaceans were all lower in the post-drilling survey.
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In summary, this study concluded that the discharge of drill cuttings caused local and at
least short-term effects on the fauna in the vicinity of the well site. Increases and/or decreases in
abundance were probably related mostly to: (1) physical alterations of the substrate (e.g., rapid
deposition and burial, increased surface relief or increased clay content of the sediment), as well
- as (2) effects of predation by hake, crabs, and starfish. No toxic effects were identified.

EG&G Environmental Consultants. 1982. A Study of Environmental Effects of Exploratory
Drilling on the Mid-Atlantic Outer Continental Shelf-Final Report of the Block 684
Monitoring Program. 1982. Prepared for Offshore Operators Committee. October
1982.

This survey is the second in a series conducted at the exploratory well site NJ 18-3, Block
684 on the Mid-Atlantic Outer Continental Shelf. This survey was taken one year after drilling
operations had stopped at the site. Forty-one sites were sampled ranging from 23 m to 3.2 km
from the discharge location. The study evaluated the fate of drilling fluids discharges based on: 1)
percent clay, 2) trace metal concentration (Ba, Cr, V) in the sediment, and 3) benthos impacts _
(trace metal concentration in organisms and density of mega and marcobenthos). Analysis of this
survey indicated the percent clay levels decreased from the drill site out to 800 m measured during
the first study, to levels common with predrill levels. However, several patches of increased
- clays were measured out to 750 m.” Because trace metal leachate levels measured in the first poét—
drill survey did not link to discharge characteristics provided by Ayers et al (1980), analysis for
trace metals was limited to barium, chromium, and vanadium (Ba, Cr, V). Ba measurements from
the secdnd study indicate a shift in the Ba concentrations in the direction of the predominate current
(southWest), with 3-fold increases above predrill levels measured to 400 m from the discharge
point. There appeared to be an even distribution of megabenthos with respect to distance from the
discharge point. All four dominant macrobenthos, although depressed below predrill densities,
increased from densities found during the first post-drill survey. Species richness as with

- abundance increased from the first post-drlll survey, however they did not reach predrill levels. -

o ’Impacts were seen out to 1.2 km. These impacts were not, however, correlated to Ba
“concentration. Chromium in increased concentration from prcdrlll levels was detected in
polychaetes out to 1.2 km from the dlscharge pomt

Northern Technical Services. 1 981 Beaufort Sea Drilling Effluent Disposal Study. Prepared
for the Reindeer Island Stratigraphic Test Well Partzczpants Under the direction of
- Sohio Alaska Petroleum Company 329 pp. _

A~ Sohio Alaska Petrolcum Co‘mpany (SOHIO)‘complc_ted the Reindeer Island Stratigraphic
Test (RIST) well in Prudhoe Bay area of the Beaufort Sea in early 1979. A study was conducted
to evaluate the effects of above- and below-ice discharges. At the time of the study, normal
vproccdure for handlmg drilling mud and cuttmgs from offshore wells was to haul thern toan .

: onshore dxsposal site. . ' ’
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Test Plot 1 was the discharge location at a water depth of 8 m. Monitoring locations were
oriented radially from the discharge point ranging from less than 5 m to 500 m distance from the
discharge point. The control location was denoted as Test Plot 3 which was about 1 km south of
Test Plot 1.

Results at Test Plot 1 indicated a strong sorting of materials by grain size. Larger particles
were deposited closer to the discharge point while finer materials, including drilling muds, were
deposited further away from the discharge point. Freshwater drilling muds readily flocculated
upon discharge into seawater. According to the authors’ observations, these flocs were loosely
' deposued on the seafloor during winter and could be resuspended with the sl1ghtest agitation.

“The authors stated that it is likely that flocculation extends to cuttings since clay-sized
particles in the drilling mud tend to coat cuttings during the drilling process and thus provide sites
- for attachment of other Clay-SlZCd particles. -

Diver observations were conducted at Test Plot 1 on May 4, 1979, 4 days after the test
discharge. A 5- to 6-cm thick accumulation of mud and cuttings was observed on the seafloor i in
the vicinity of the dlscharge point. UTV observations the following day indicated a 2- to 3-cm

. deposition at a distance 3 m east of the discharge point. The consistency of the deposited

materials was such that materials would be suspended with the slightest agitation. At a distance of
6 m east of the discharge site, 1 to 2 cm of loosely deposited drilling effluents was observed. By a
distance of 30 m east of the discharge, accumulation of drilling muds on the seafloor was estimated.
to be less than 0.5 cm thick. Organlsms observed during the post-dlscharge survey at Test Plot 1
included amphipods, a snail, several fish and mysids, an hydroid, an anemone, » umerous snail and
isopod tracks, and numerous worm tubes.

- Benthic samplmg was conducted at Test Plots 1 and 3 prlor to and subsequent to the test -
dlscharge of drilling effluents. All samples were obtained usinga Petlte Ponar bottom grab
sampler. Fifteen random replicate samples were taken at each of the test plots during sampling

_periods on April 7-10, May 9, and August 3-4, 1979. For the April and May surveys, samples
were obtained through holes augered in the sea ice in random 5 m by 5 m squares within each of
the 50 m by 50 m test plots. -For the August survey, randomness in samples was achieved by
drlftmg ina boat within a 25 m radius of the center of the test plot

Benthic data were analyzed and are summarlzed in Exlnblt 9-5. The authors calculated the
- number of taxa, species diversity, evenness and species richness values by pooling the 15
replicate samples taken at each test plot during the sampling period.

The authols did not seem to stress that the time dlfference in'sampling is strongly affccted
by the natural growmg season, As presented in Exlubn 9- 6, from pre-drlllmg in Apl‘ll to .
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immediately after discharge in May, there is a significant increase in the humber of organisms per
square meter (abundance) most probably due to the beginning of the growing season. From May to
August, there is a 75% increase in abundance in the control location (Test Plot 3)and a 3%

Exhibit 9-5. Summary of Benthic Data Collected at T_esf Plots

Cocaompae | T | Mt | Neof | puntnar [ Brer | Spocts | wiomans
Diversity ) ) ;
April 7, 1979 1 ssi1 |45 296 083 | 697 10.0
Aprilg 1979 | 3 | 8094 54 332 083 | 701 | 204
May 9, 1979 1 1240.0 63 3 075 8.70 33.9
May 9, 1979 o3 1529.9 65 3.50 o84 873 59.2
August 3, 1979 1| o7 61 - 204 | o070 930 18.4
August 3, 1979 3 2678.0 76 3.09 071 | 950 _ 550

® Test Plot 1 refers to the discharge location and Test Plot 3 to the cdntrol‘location.

'Exhibit 9-6. Comparison of Abundance Data Coll_ecfed at Test Plots

April 7, 1979 . May9, 1979 August 3,1979 -
1| .3 1 3 1 3
ABunda_nce ‘ . 551.1 . 809.4 1240.0 1529.9 1202.7 2678.0
Increase from April to . " 125% ‘ 89%~  A R
May Sample o , T » .
y 'Increé'seffomMaytp N B D | | o o
August Sample o T T - . -3% ‘ ‘75 % _

decrease in Test Plot 1. Though the authors do not present the percentage change nor the

_ percentage difference between the control and test plot data, it is clear that i in the time between
May and August there should be a normal increase in numbers of organlsms ThlS lack of increase
in Test Plot 1 implies that the drilling dlscharges may have interfered with organism popu]atlon
growth during that time perlod ‘ :

Traéc metal allalysié was conducted on rebl-icate Pénar and' whole drilling mud samplc's in
~order to detect possible effects of below ice drilling effluent disposal. The majority of the bottom
samplcs were obtamed at random locations within 50 by 50 m of test plot 1 (the dlscharge 31te)
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and test plot 3 (control site). As indicated 'by analysis of the sanrples at each of the sites,
variations of trace metals at the test discharge site was similar to variations found at the control
location. According to the authors, these results of the trace metal analysis confirm that drlllmg
muds are quite swiftly resuspended and removed from the seaﬂoor after initial settlement.

Bothneif, MH. et al 1985. The Georges Bank Monitoring Program 1985: Andlysis of Trace
Metals. U.S. Geological Survey Circular 988.

This study was des1gned to establish the concentration of trace metals in sediments prior to
drilling on Georges Bank and to monitor the changes in concéntrations that could be attributed to
. petroleum-exploration activities. The first cruise of the monitoring program occurred just before
exploratory drilling commenced in July 1981, and nine subsequent cruises were conducted on a
seasonal basis (November, February, May, and July) over a 3-year period. Eight exploratory
- wells had been drilled at that time on Georges Bank. The first was started on July 22, 1981, and
the last well was completed on September 27, 1982.

Of 12 trace elements analyzed, only barium was found to increase in concentration during
the period when the eight exploratory wells were drilled. The maximum post-drilling
concentration of barium reached 172 ppm in bulk sediments near the drill site in Block 410. This
concentratlon was higher than the pre-drrlllng concentration at that location by a 5.9-fold factor.

- No drilling-related changes in the concentrations of the 11 other metals were observed in bulk
sedlments at any of the locatiohs sampled in the program. Analyses of sediment trap material for
Ba-enriched matter showed that resuspension can occur up to at least 25 m above the seafloor.

The authors estimated that about 25 percent of the barite discharged at block 312 was -
present in the sediments within 6 km of the rig, 4 weeks after drilling was completed at that
location. In their evaluation of the rate at which barite decreases within the site- specrﬁc survey,
the authors considered only the area between the 0.5- and 2-km circles. - They also excluded the
actual drill site, where large within-station varlabrllty was measured For almost a year following
completion of the well, the inventory of barite decreased rapidly, with a half-llfe of 0.34 year.
During the next year, the mventory decreased ata slower rate (half-life of 3. 4 years):

To see how far Ba from drilling mud could be traccd the authors analyzed the fine fraction
of sediment at two stations approxxmately 65 km west of the Block 312 drill site and at two
stations approximately 35 km to the east of the eastcrnmost drill site. At the two western stations
- they measured maxima in Ba concentrations durmg cruises 8 and 10 in 1983. The authors were

“surprised to find that maxima in the Ba concentratlons although of lower magnitude, were also
rec¢orded at similar times at the two eastern stations. The maximum value at one eastern stations
on cruise 7 was statistically hl_ghe.r than the mean of the first 6 cruises at the 99.5 percent level of
‘conﬁdence (t te‘st). These findings were considered significant because they suggested that Bain
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the finest fraction of drilling mud may have been transported over very wide areas of the bank, to
the east as well as to the west.

The barite discharged during the exploratory phase of drilling is associated with the fine
fraction of sediment and was found widely distributed around the bank. Evidence indicated
barium transport in the predominant, westerly current direction as far as Great South Channel (115
km west of the drilling), and to stations 35 km east of the easternmost drilling site, against the
‘predominant current. Small increases in barium concentrations were measured also at the heads of
both Lydonia and Oceanographer Canyons located 8 km and 39 km, respectlvcly, seaward of the
nearest exploratory well.

Throughout the 3 years of monitoring , the concentrations of Ba in bulk sediments from the
upstream control statlons were fairly consistent with time. On the basis of those data, the authors
judged that no increase in Ba had occurred at those stations. They found no increases in the
concentration of other metals as a result of drilling at the upstream locations during the 3 years of
monitoring. In contrast, there were measurable changes in the concentrations of Ba in Block 410
‘(stations 16, 17, and 18).

The scatter in their data mdlcated to the authors that Ba was not distributed homogeneously
over the sampling area. This heterogenelty was probably caused by the intermittent discharge of
drilling fluids into ocean currents that continuously change direction of flow throughout the tidal
~ cycle. A few cuttings were found during both year 2 and year 3 at a station located 2 km to the east
of the drill site, in Block 410. On cruise 9 cuttings were observed at all stations within 500 m of
the drill site in Block 312. '

At coring stations 50 km west of transect I1I, the authors observed an enrichment of the
Ba/Al ratio in surface sediments and interpreted that as evidence for a small recent addition. of Ba
o A rough calculation referred to from an earlier report (Bothner et al, 1984) suggested that
69 peicent of the barite. dlscharged by all eight exploratory wells could be accounted for in the
‘'sediments within the western half of a circle 130 km in diameter and centered on station 5. They
then concluded that the barite from dnlhng mud was associated with the fine-sediment fract1on in
low concentratlon and was wndely dlstnbuted _ : -

This study demonstrates that dnlhng ﬂuld solids may be w1dely distributed over largc
areas in relatively short period of time if they are discharged in high energy marine env1ronmcnts
- such as the Georges Bank. Transport was observed over distances of 35 - 115 km, both in the
~ anticipated direction of deposmon and opposite that of predommant current flow. This study
indicated that in such env1romnents assessmg low-level, 1egxonal-scale contammatlon effects is
the primary source of concern. -
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- Neff, J. M. M. Bothner, N. Maciolek, and J. Grassle. 1989. Impacts of Exploratory Drilling For
'Oil and Gas on the Benthic Environment of Georges Bank. Marme Environmental -
Research 27 ( 1989).

This study was conducted over a three year period to determine the impact of discharges
from exploratory drilling to benthic community of Georges Bank and was conducted in conjunction
with the previous reviewed article by Bothner et al. (1985). The authors conducted benthic fauna
analyses at 46 sample sites that included 31 sites adjacent to two drilling platforms. Sampling
~ took place quarterly and pre-, during, and post-drilling. The authors indicated changes in the
benthic communities near the platforms durihg and immediately after drilling activities, but

attributed these changes to natural changes within the community populations.

Continental Shelf Associates. 1988. Monitoring of Drillsite A in the Gainesville Area Block 707.
Prepared for Sohio Petroleum Company, Houston, TX, April 26, 1988. 124 pp.

The purpose of this study was to assess the eﬁvironmental impacts of proposed exploratory -
drilling in Gainesville Area Block 707 on several seagrass and live-bottom communities. |
- Gainesville Area Block 707 is located approx1mately 60 km ﬁom the west coast of Florlda in
- _ water depths of 21 m. -

Two surveys were conducted and results analyzed Survey 1 was a pre-drilling survey.
The dnll rig moved onsite on May 25, 1984, and began drilling discharges on June 3, 1984,
Survey 2 (August 9 - August 23, 1984) occurred during drilling. A third survey was also
conducted, but because it followed a severe hurricane that disrupted the benthos across a wide
area of the northwest Florida continental shelf, most of the results were not used.

| According to other studies the authors referenced in this area, plant densities or bottom
coverages within offshore seagrass and algae stands range from 20 to 50%. ‘Halophila species
~ comprise about 79% of the plant material pre’sent while various species of microalgae account for -
the remainder. Halophila decipiens was found to be the only seagrass species present in the
vicinity of the Block 707 drill site. ‘

. Sampling stations were located within 300 m of the discharge point in a radial patiern.
The closest stations were located 25 m, 65 m, and 85 m from the discharge. Live bottom
‘monitoring statlons were located 25 m and 500 m from the drill site and 3 reference stations were
~located greater than 9 km from the drilling operations. Six randomly placed quadrants were

permanently established and photographed An additional 10 stations were estabhshed beyond
300 m during survey 2.

During the second survey, visual observations revealed the abéence of all seagrass within
300 m of the discharge site. An accumulation of cuttings around the discharge site was also
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observed, particularly along the northwest radial within 30 m of the discharge point. Farther from
the drill site, growth was inhibited as a function of the concentrations of the two drilling effluent
indicators, barium and barium:iron ratios in the fine-grained fraction (<63 lm) of surficial
sediments.

To determine whether or not exposure to drilling'efﬂuents affected the seagrass, the authors
evaluated the relationships between changes of the indicators of discharged drilling effluents and
the changes in standing crop of the seagrass. The indicators of discharged drilling effluents were
the barium concentrations and barium:iron ratios in the fine-grained fraction (<63 pum) of the
surficial sediments. The fine-grained fraction was analyzed because barium sulfate in the
discharged drilling effluents is in the silt/clay particle-size range and the sediments around the
drill site were sand. Thus, metal concentrations in the fine-grained fraction were more efficient
tracers of the settleable fraction of the discharged drilling effluents. Logarithmic transformations
of the mean changes of these indicators were used in the correlation analysis.

The authors presented Ba:Fe ratio data as well as chromium concentration data. The data
showed a 90% increase in the Ba:Fe ratio at 4,000 m from the discharge pomt and an 1 1%
increase in the chromium concentration at 300 m,

_ Results of analysis indicated that there were statistioelly significant negative correlations
between changes of the drilling effluent indicators and changes of the seagrass standing cfop.
Larger changes in drilling effluent indicators (e.g., increases in sediment Ba levels or of Ba:Fe
ratios) were associated with smaller changes in seagrass standing crop (i.e., although seagrass
standing crop mcreased the magnitude of the change was negatively correlated to. effluent

- indicators). '

Both leaf biomass and leaf count increased from the pre-drilling to the during-drillirig
surveys, most probably due to the growing season. However, while leaf count increased 1,212% - o
- atthe reference station, it only increased 282% and 84%, respectively, at the 4, 000 m- and T
'1 300 m-stations (77% and 93% decreases in growth).

Impacts to the live bottom community at the 25 m station resulted primarily from burial of
cuttings. The authors concluded that smothering by drilling muds and cuttings may have been
important at distances close to the drill site. - Farther from the drill site, rcduction in the light levels
reaching the seafloor as a. result of 1ncreased turbidity in the watcr column was thought to be thc
- primary factor.

- Two follow-ujy surveys were conducted one year ¢ and two years after drilling. ' According
to the authors, these surveys indicated seagrass recovery had occurred However data regarding -
_ the extcm of recovery were not provndcd

EPA COOK_INKPR 005758



9-35

Boothe, P.N. and B.J. Presley. 1989. Trends in Sediment Trace Element Concentrations Around
Six Petroleum Drilling Platforms in the Northwestern Gulf of Mexico. In: F.R.
Englehardt, J.P. Ray, and A.H. Gillam (Eds ) Drzllzng Wastes. Elsevier Applied Science,
London. pp. 3-22.

The goal of thlS study was to determine typical concentrations of drilling fluid residuals in
surface and subsurface sediment within 500 m of six offshore drilling sites in the northwestern
Gulf of Mexico. Three types of drilling sites were studied: exploratory sites as isolated as
possible frdm other wells; developmental sites with multiple, recently completed wells; and
production sites where considerable time had elapsed smce drilling was completed. For each of
‘the three types, a location was chosen in shallow water, 1. e., about 30 m in depth and.in deep
‘water, i.e., about 100 m in depth. NOTE: In the authors’ use of the relative, descriptive terms
“shallow” and “deep” in their report, the term “deep” (i.e., ~100 m) is not the same as the term
used in reference to this rulemaking, for which “deep” wells are defined as those in waters greater
than 1,000 m in depth. ’ : '

Sedlment was collected at 40 stations around each drilling site using a circularly- and
radially-symmetrical pattern. Background concentrations were determined by analyzing sediments
from 4 control stations located 3,000 m from each drilling site in addition to subsurface sediments
located well below the possible influence of surface discharges (4-31 cm depth).

_ Barium mass balance data show that only a fraction of the total Bé, and presumably similar
drilling mud components, are present in near-site sediments, At nearshore study sites,
approximately 94% of the discharged Ba had been transported more than 3,000 m from the drilling
sites. Offshore sites were more variable, showing transport beyond 3,000 m for 16%, 28%, and

- 53% of the dlscharged barium.. Multiple regression analysis suggested excess sedlment Ba

1 dlstrlbutlon was largcly controlled by water depth

, The total excess Ba Within 500 m of these sites was highly correlated with the total Ba -
used at the site. Thus, the effect of multiple. wells on near-site sediments is directly additive.
Discriminant analysis suggested that statistically significant (> twice background levels) Ba
enrichment existed in surface sediments at 25 of the 30 control (3,000 m) stations studied. Ba
levels at “control” sites were up to 4.5 times subsurfaée background levels. Statistically
significant elevatlons in sediment mercury concentrations within 125 m of the site (4-7 times mean
control levels) were observed at the Vermllllon 321 and High Island sites (both deep water sites)
and were strongly corrclated toBa levels. The High Island site also showed a significant Pb

gradient, showing mean levels within 125 m 5-fold hlghCl than controls and 3.8-fold higher within
* 500 m; Pb was highly correlated with Ba at this site. Other study sites exhibijted patchy -
distributions of elevated sediment Pb levels, but no consistent spatial trends.
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Sediment levels of Cd, Cu, and Zn were determined in only 9 or 10 surficial samples at
each site, so evaluations were tenuous with such small sample sizes. Observations made included
the following. Cd appeared elevated at the High Island and Vermillion 321 sites and was
correlated to Ba at the Vermillion site. Cu showed no consistent trend at any site except for small
elevations within 125 m at the High Island site, and was correlated to Ba. Zn showed consistent
gradients at the High Island and Vermillion 321 sites, with elevation 5-10 times control levels, and
was correlated to Ba and distance at both sites. Within 250 m of the Vermillion 321 and High
- Island sites, 4- to 5-fold elevations of hydrocarbons over control station levels were observed.
However, among the six (all gas) platforms, hydrocarbon contamination was generally low.

Continental Shelf Associates, Inc. and Barry A. Vittor and Associates, Inc. 1989a.
Environmental Monitoring in Block 132 Alabama State Waters, Summary Report.
Prepared for: Shell Offshore, Inc. :

~ The program objective as presented in this report was to determine whether or not drilling
discharges affected the biotic assemblages living in the vicinity of the discharge site. ‘The program
consisted of three sampling elements: 19 continuous recording of near-bottom current speed and
 direction; 2) analysis of surficial sediments collected within 1 ;000 m of the discharge site for
sediment grain size, trace metals, and oil and grease; and 3) sampling and analysis of
* macroinfaunal assemblages present within 1,000 m of the dlscharge site.

Sampling was conducted during four surveys: Survey 1, prior to dr.illing discharge; Survey
| 2, two months after drilling discharges commenced; Survey 3, five days after drilling discharges
ceased; Survey 4, eight months after drilling discharges ceased. The ‘sampling pattern consisted of
eight radials centered at the discharge site and oriented toward north, northeast, ¢ast, southeast,
. south, southwest west, and northwest. Stations were located along each radial at 122 m, 500 m,
- and 1,000 m. In addition, four stations were located at 91 m on the four prlmary radials, i.e.,
north, east, south, and west. The analyses conducted were: 1) scdlment gram size analyses 2)
- chemical analyses; and 3) analyses of blologlcal samples :

Near ’bottom currents prcdominantly flowed southeastward and, to a lesser extent,

‘northwestward. Sand predommated at many of the stations in the study area on all four surveys.
However, sediments did appear to become progrcsswely finer as the program progressed. The
authors found that changes in sediment grain size resultmg from drilling discharges could not be
' easnly separated from non-drilling-related changes. They concluded that changes observed within

- 122 m of the discharge site were probably rélated to drllhng discharges. Changes of similar
magnitude were observed by the authors farther away, but were thought due to non-drilling-related
causes based on examination of the barium distribution. :
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The authors analyzed for 10 trace metals (aluminum, arsenic, barium, cadmium, chromium,
* copper, iron, lead, mercury, and zinc) and oil and grease at 16 stations located within 1,000 m of
the discharge site on the four surveys. Their results showed that except for barium, the trace metal
. concentrations in the whole-sediment samples were correlated with the quantity of fine-grained

~ particles in the sediments. Their analysis of the mean concentrations of Ba in the fine-grained
fractions were shown to be consistently greater during survey 3 compared to Survey 1 at all
stations located within 1,000 m of the discharge site where trace metal concentrations were
determined. During Survey 4, only one of the s1xteen stations was statrstlcally greater than during
Survey 1.

The study states that changes in other trace metals eoncentrations did not appear related to
drilling discharges. The concentration ranges of aluminum, arsenic, cadmium, chromium, copper,
lead, and mercury in whole sediments were within or near ranges reported in previous studies
conducted in offshore Alabama waters. The authors’ statistical analysis revealed no changes that
were attributable to drllllng drscharges.

The authors found that the mean meércury concentrations in fine fractions durmg Surveys 2 .
and 3 were statistically greater than those observed during Surveys 1 and 4. It was concluded that
mercury concentrations were not positively correlated with barium concentrations and therefore,
probably not associated with discharged barite. '

At each of the four surveys the authors collected ten rephcate samples, at each of 16
statlons and analyzed them to determine the composition of the macroinfaunal assemblage. The-
. macromfaunal .assemblage summary parameters (number of taxa, density, diversity, evenness, and
species richness) were calculated for all stations and surveéys. The values of these parameters
were within ranges expected for this area and were related to sediment grain size, but not to
proxrmlty to the dlschargc site. ConSIderable ternporal and spatial varlablllty was observed by the
authors. '

, The authors used specres cluster analysis and dendrograms to reflect the presence of
assemblages typical of nearshore sand and silt habitats throughout the northern Gulf of Mexico.
The authors grouped stations in the clustering analysis primarily on the basis of time of samphng,-
and not by sediment texture or distance from the discharge site. Using canonical descriminant

‘analysis of environmental factors such as time, distance from the drill site, sediment texture, and
trace metals, they indicated that benthic station groupings were determined prlmarlly by season
“and not by distance from the discharge site or by drilling discharge tracers such as barium or
percent clay. They found that sednment texture (percent gravcl) did account for a small amount of
. the vauablllty among station groups. '
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The study concludes that the number of macroinfaunal taxa was not related to either
sediment texture or distance from the discharge site. Individual abundance was correlated with
sediment texture end_ varied with season, but was not related to distance from the discharge site.
Species diversity (H’) was relatively uniform: temporally and spatially. The authors indicated that
the observed changes reflect the effects of sediment texture and season on numbers of individuals,
and are not related to distance from the discharge site. Evenness and species richness levels
varied with sediment textuire and showed temporal changes. These parameters were not related to
distance from-the discharge site.

Continental Shelf Associates, Inc. and Barry A. Vittor and Associates, Inc. 1989b.

: Environmental Monitoring to Assess the Fate of Drilling Fluids Discharged into
Alabama State Waters of the Gulf of Mexico. prepared for: Offshore Operators
Committee. ‘

The purpose of this study was to determine whether drilling fluids discharged into
Alabama State Waters outside of the barrier islands can be detected in statistically significant
- levels in areas of biological concern located inside the barrier islands. To accomplish this goal,
the study was divided into two monitoring efforts:. area-wide monitoring and drill site monitoring.
‘The area-wide effort involves two p'rincipal elements: 1) sampling and analysis of surficial
sediments at 12 stations for grain size, oil and grease content, and concentrations of 10 trace
metals; ,2) sampliﬁg and analysis of oysters for the same metals at three of the surficial sediment
stations. The report summarizes methods and results of area-wide sampling from Survey I

 (Pebruary 1986) through Survey VI (June 1988).

Beginning between Surveys IV and V, an exploratory well was drilled in Alabama State

- ~waters Block 132. Between October 9, 1987 and February 29, 1988, approximately 7, 285 m?’ of
drilling fluids and 726 n? of cuttlngs were dlscharged About 79% of the total volume was

‘ dlyscharged between Oc_tobe_r 9 ‘and November 6, 1987 (1.e., prior to Survey V).

| In addltlon to the drllhng act1v1ty, a major dredglng project began during the interval -
between Surveys IVandV. Drcdgmg of the Mobile Bay ship channel began in J anuary~February

- 1987, when about 500,000 n? were dredged. Dredging resumed in October 1987 (two months

“before Survey V) and was expected to continue until February 1990. About 23,000 - 31, 000
were dredged per day, with all of the material bemg placed in the offshore disposal area outs1de
of the barrier 1slands : :

Also, the datzi set from drill site monitoring in Block 132 can aid in the interpretation of the -

. 'area-wide data set by indicating which variables.might be affected by drilling discharges. For

example, if the conceniration of a metal were unaffectcd near the drill site, then changes in the

" concentration of the metal in Mobile Bay (where the nearest station is 10 km from the drill site)-
could not be attr |buted to drlllmg fluids from the wcll
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Ba concentratlons increased substantially around the drill site in Block 132 durmg drilling.
Statlstlcally significant increases in Ba concentrations were detected to a distance of 500 m from
the drill site, and apparent two to five-fold increases in mean Ba concentration were evident at
four 1,000 m stationsv(though not statistically signiﬁcant).

Eleven of the 12 stations monitored in Mobile Bay durmg this study showed no s1gn1ﬁcant
increases in fine fraction Ba concentration or barium-to-iron ratio. At Station 3, the mean of the
Survey V-VI values (318 mg/kg) was about 13% higher than the mean of the Survey I-IV values
(282 mg/kg), and was statistically significant.

This small increase in barium at Station 3 was thought probably due to natural variability
rather than drilling fluids. No significant increases were observed at four other stations located
between Station 3 and the mouth of the bay, where the drilling fluids would enter. Three of these
stations had much higher silt/clay content than Station 3 and were thought more likely to tetain fine
dnlllng fluids deposits. ' :

Increases in concentrations of some metals other than barium occurred around the drill site
in Block 132. Changes in cadmium and mercury concentrations between surveys were detected,
but these were not attributed to drilling discharges because the changes were spatially uniform and
were not correlated with barium increases. Significant increases in arsenic (one station), copper

(one statlon) and zinc (one station) were detected, but were attributed to natural sediment
" movement or sampllng/analytlcal error associated with the small quantltles of fine sedlment
available for analysis from one station.

_ In the area-wide sampling, there were several significant increases in concentration and/or
~ metal-to-iron ratio for metals other than barium. Cadmium had the highest number of significant
i dlfferences (seven stations), followed by arsenic (four stations). Significant differences were.also
 detected for chromium' (Station 12), and lead (Stations 3 and 9). In plots of station means, large
- increases between Surveys V and VI were noted for cadnnum, copper and lead at Station 3, and
© copper at Station 9. The. copper increases’ were not significant in the statistical analysxs which
‘used the mean of Surveys V-VIL '

Increases in concentratlons of these other metals were thought probably not due to drlllmg
fluids.  All of the metals except aluminum and iron, which are normally associated with clay
. particles, are present in drilling ﬂulds pnmarlly as trace contaminants of barite. Because barium
is more concentrated in drilling fluids (relative to normal sediments) than the other metals,
. 1ncreases in these other metals due to drxlhng fluids wete expected to be accompamcd by major
increases in Ba. No such increases were seen duting the study. '
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Oil and grease concentrations increased significantly at. Stations 2, 5, 6, 7, 8, and 11
between Surveys II-IV and Surveys V-VI. The increase at Station 11 can.be attributed to an
increase in silt/clay content of the sediments (oil and grease concentrations tended to be higher in
sediments containing more silt/clay). The explanation for the other increases were not known, but
were thought probably not due to dnlhng fluids, because there were no accompanying increases in
barium concentration. '

Drilling fluids discharged to the ocean may contam small amounts of hydrocarbons

_ although they are subject to the test of "no visible sheen". At stations around the drill site in Block
132, there were some apparent increases in sediment oil and grease content during drilling, but
these appeared to be related to natural sediment changes as mdlcated by whole sediment alummum
concentrations.

- There were no statlstlcally significant increases in the concentratlons of 8 and 9 metals in |
oyster tissue. ‘Arsenic concentratlons in both depurated and non-depurated oysters were '
" significantly higher on Surveys V-VI than on Surveys I-IV. The temporary increase in arsenic
concentration in oyster tissue probably 1s not due to drilling fluids. There are no oyster. data from
~ the drill site monltorlng in Block 132, because no oysters were present there. However, arsenic
concentrations in drilling fluid were no higher than those in the fine fraction of sediment from
Mobile Bay. The reason for the temporary increase in-arsenic concentratlons in oysters is niot
known. '

- A statistical difference between Surveys V-VI and Surveys I-IV does not necessarily
. indicate an effect of drilling. Some significant differences could reflect natural changes that did
not occur durmg the previous year of “baseline” samplmg Other differences could be due to the

' channel dredgmg prol ect; which began between Surveys IV and V and which continued through the
| monitoring program., Unfortunately, conditions in thc real world are seldom ldeal in the sense of a
' controlled experlment o R ‘ S

The reason for i 1ncrcases in metal concenttatlons between Surveys I-IV and Surveys V-VI
was not known Possible explanattons mcludcd the followmg

. - The first four surveys did not encompass the full range of non-drilling related variations i in
- trace metal concentrations. Such variations may be attrlbuted in part to natural scasonal
and year-to-year ﬂuctuatlons :

. The channcl dredging pro;ect.

e " The fine fraction at prcdommantly sandy stations ma}/ be dlffercnt from the fine fraction at
‘ sﬂt/clay stations, or more prone to analytical err or; statlons wnth high pcrccntages of sand
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had highly variable metal concentrations or metal-to-iron ratlos on one or more surveys
and support this hypothesis. : :

Continental Shelf Assocmtes Inc. 1989. Pre -drilling and Post-drilling Surveys for Pensacola
Area Block 996. Prepared for Texaco Producing Inc.

" A monitoring study of a s1ngle exploratory well located in approximately 60 m water depth
was conducted in Pensacola Block 996 to detect any obvious impacts to the hard bottom epibiotic
community of nearby live-bottom areas. The study involved collected pre-driiling and post-
drilling video and quantitative still camera data, as well as post-drilling surface sediment
chemistry data. Drill site sediment Ba levels at 3 stations within 250 m of the discharge,
expressed as either bulk phase or fine-fraction values, were 40-125 times greater than the average
reference station value (which in turn was about twice the reported background level). Sediment
barium levels (bulk and fine fraction) at 2000 m averaged twice the reference station levels. Bulk
phase sediment chromium levels were only elevated at the drill site; fine-fraction chromium levels
were 50% and 20% above reference levels at 250 m and 500 m, respectively.

Background was defined at three reference stations located approxrmately 3,500 m from

- the drill site. However, reference station values must be regarded with caution for three reasons:
1) prednllmg samples were not taken, 2) values obtained in the post-drllhng survey (45-70 ppm
Ba; 19-22 ppm Cr) were substantially higher than an earlier, nearby baseline conducted prior to
drilling (29 ppm Ba; 3 ppm Cr), and 3) a continuous distance-dependent decrease in bulk and fine-
fraction Ba and- fine-fraction Cr occurred to the farthest radial array stations, including the

“reference stations.

Only “catastrophic, large-scale changes (e.g., completc mortality)” would be detectable
- from the photographic and video data collected. No such “catastrophic” effects were observed
Overall, photographic data from stations within 2,000 m of the drill site showed a 55% decrease:
in total biotic coverage for pre- versus post—dnlhng surveys; reference station values decreased
19%. Overall decreases, at both drill site and reference stations, were primarily due to dramatlc
(i.e.,95%) deoreases in bryozoan coverage between surveys.

This study presents a typical picture of what exploratory well impacts will be on sediment
chemlstry The significant confounding factor here i is the “true” background level of Ba and Cr. If
the earlier study values are used as rcference values, then sediment Ba levels are elevated four-

fold at 2 km, and sedlment Cr values are 8-to 10-fold higher within 500 m of the discharge. This
range of valucs is expected for these types of dlscharges

Steinhauer, M. et al., 1990 Calzforma OCS Phase 11 Monitoring Program Year— Three Annual
Report Chapter I 3. Program Synthesis and Recommendations.
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" The California Outer Continental Shelf (OCS) Phase IT Monitoring Program (CAMP) study
isa good example of the difficulties inherent to marine impact assessment. The specific objectives
of CAMP were: ' '

. To detect and measure potential long-term (or short-term) chemical, phySical and
biological changes in the benthic environment around development platforms in areas of.
soft-bottom and hard-bottom substrates in the southern Santa Maria Basin.

. To detennine whether the changes observed were caused by drilling-related activities or
- whether they were the product of natural physwal chemical, and blologlcal processes in
* the study area.

The study area is on the southern portion of the Santa Maria Basin OCS. All but one
station were located at water depths ranging from 90 m to 410 m. At the soft-bottom site, a semi-
radial array of stations was located around the proposed future site of Platform Julius in water
depths raging from 123 m to 169 m. At the hard-bottom site, stations were located on high- and
low-relief hard features, and in adjacent soft-sediment locations in 105 m to 213 m of water near -
the site of Platform Hidalgo. . ' ‘ '

In the development of CAMP, its design explicitly addressed the importance of taking
synoptic measurements from replicate samples and keeping replicéfe data separate. Also, in the
absence of pre-impact sampling it could be argued that control sites and impacted sites always -
differed and, in the absence of control sites, it could be argued that change at impacted sites was
not caused by the impact. CAMP’s design also emplc)yed an optimal-impact study design, with
pre-impact as well as post-impact sampling, and control site as well asv impacted site sampling.

- Postponement of platform emplacement and drilling at the soft-bottom site and an
abbreviated drilling schedule at the hard-bottom site necessitated changes in the scope-and -
‘schedule of the monitoring program. Momtorlng at the soft-bottom site was thought to- provide
valuable baselme information on physical, chemical, and blologlcal features and processes in the
- area. This information was thought to be valuable in  the design and execution of future monitoring
-studies of platform discharges when the platform is installed at the Julius site.

Although the soft-bottom components of thé monitoring program were prematurely
~concluded due to a lack of industry activity, certain aspects of the monitoring design were believed
useful. Biological data supported the ideai that meaningful levels of change could be detected for
dominant species and for more encompassing parameters such as diversity. Chemlcal data .
supported the idea that barium could be used as a tracer of actw:ty in splte of high, but invariate,
natural levels ih the rcglon : :
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Data representing different sampling occasions provided evidence of significant temporal
variation in both the macrofauna and meiofauna. Within-year variations, altlfough significant, did
not follow the same patterns consistently from one year to the next. Nevertheless; these results
were taken to demonstrate the importance of conducting repeated sampling before and after
initiation of drilling activities, to provide a basis for differentiating between natuial temporal |
variations in benthic community parameters and impacts caused by drlllmg and production
activities.

Monitoring at the hérd-bottom site near Platform Hidalgo provided information on platform

- effects and on discharges associated with drilling of seven wells between November 1987 and
Jamiary 1989. The original hypothesis for determining platform-related effects established two
major criteria: 1) a before-and-after farfield/nearfield effect (i.e., space-time 1nteract10n) and 2)a
- change in organism abundance correlated to the dose of dnllmg wastes (relative flux of chemical
signals, from sediment trap data). Of the 10 species tested for a time-space interaction, ‘only the
solitary coral, Caryophyllia sp., showed such an effect. Due to an incomplete data set from the”
sediment trap fluxes at the three stations where a significant time-space interaction was observed
for this species, data are only available for a limited perlod (November 1987 and October 1988)

There were insufﬁcient number of stations to calculate an analysis of variance with de_pth
and time as additional covariates. Given these limitations, together with those of limited data from
the sediment traps, the best test of a platfdnn—related effect on Caryophyllia were scatter .
diagrams. Neither total sediment flux nor total PAH concentrations were related to the effect, -
although in both cases one station that showed a loss of Caryophyllia cover between 1987 and
1988 had a slightly greater relative flux of these materials. However, tests of the relationship
between Caryophyllia sp. abundance in a larger data set indicated a highly 81gn1ﬁcant
relatlonslup bctwecn sediment flux and species abundance.

Thesc data wo‘uld seem to support a hypothesis of impact. 'HoWevér the authdrs presented
a dlsturbmg analysis. Although the change i in'percent cover of Caryophyllia seems to supporta

. conclusion of drilling-related i 1mpacts it was noted that the change betweén samphng periods was -

- less than 50 percent. the original power analysis indicated that, with a sampling replication of 60
 photo-quadrants per station per time, the minimum change in the density of this species that could
be detected with 95 percent confidence for 80 percent of the time was approximately 70 percent.

o : This power analysis-to-effect comparison raises questions as to whether this effect in a single

species was a chance event. The sampling error was greater than the range of the effect detected.
Therefore, despite the tlme-space interaction and a relationship between dose and response, the
authors concluded that significant doubts remain as to whether there was a real platform-related
‘effect on this specics. ' ' N
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CAMP monitoring data has revealed several variables that may limit the ability of any
monitoring program to detect change related to oil and gas activity in the region. The densities and
numbers of species with transect location has been shown to vary along all isobaths. Potential
sources of hydrocarbons from natural seeps confound the ability to relate change to oil and gas
activities. Fishing activities risk in-situ instrument deployments and also affect bottom
- communities. Finally, the difficulty of scheduling surveys to coincide with drilling activities for
appropriate before-and-after comparisons is a basic problem in any monitoring program, and it has
been shown in this program to be particularly difficult to control. '

9.3.2 Synthetic-Based Fluids

Smiith, J..and S§.J. May. 1991. Ula Wellsite 7/12-9 Environmental Survey 1991. A report to
SINTEF SI from the Field Studies Council Research Centre. November 1991.

- This paper is the second in a series of three lead by Janet Smith, identifying the results of
 yearly sampling at the Ula well site 7/12-9 in the North Sea. This paper also includes a

_ corripari‘son of the 1990 to 1991 results. The authors report that sampling was conducted one year
after the discharge of an ester-based drilling fluid. The sample stations were. along two transects,
one to the southwest (SW) and one to the southeast (SE), with distances from the discharge =
location of 50, 100, 200, 500, 800, 1,200, 2,500, and 5,000 m to the SW and 100, 200, 500, and
1,200 m to the SE. A reference station was located 6,000 m to the northwest of the discharge
pomt The ten replicate samples taken at this reference station were “treated as two sets of five -
- replicates to make data analysis easier,” and are referred to as Ref, A and Ref. B. Samples were
taken for total hydrocarbon (THC), ester, metals, grain size analysis, and biological analysis. -

THC reported for the 1990 samples were highest at 200 and 500 m to the SW and 100 and

- 200 m to the SE. These THC levels were reported at 774 and 86.4 mg/kg for the SW stations and -
184 and 205 mg/kg for the SE stations, respectively. The THC levels for the 1991 survey were o
' v.dramatlcally reduced to 13.6, 5.9, 64.0, and 3.8 mg/kg for same stations listed above. Although -
there was an increase in THC levels for the 50 and 100 m SW stations, it was not above.

background levels measured at the reference station. There was an overall deereasmg trend for

the THC concentratlon from 1990 to 1991 :

‘The ester coneentratlons reported in 1990 were 85,300, 46,400, and 208 mg/kg for the 50,
~ 100, and 200 m SW stations, respectively. The reported ester values for these stations for 199]
dropped to 0.21, 0.22, and 1.34 mg/kg, respcctlvely

Barium concentrations for 1990 were reported highest at the 50-200 m SW and - 100-200 m -
»SE stations. There was an increase in Ba concentration along the SW transect ﬁom 1,720 to 2,890
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mg/kg, out to 200 m. The Ba concentration decreased along the SE transect with the highest level
of 3,770 mg/kg at 100 m. There was an overall decrease in 1991 Ba levels. '

The authors also report dramatic. changes in the benthic communities from 1990 to 1991 as
summarized in Exhibit 9-7. Although one station showed an increased abundance of the
opportunistic C. capitata, this isolated instance of taxonomic indicator of stress was not taken to
demonstrate any generalized impact had occurred from the dlscharge of this material.

Exhibit 9-7. 1990 and 1991 North Sea Benthic Community Data

, . Taxa Individuals
Sample Station ‘
1990 1991 1990 -~ 1991

50 m SW 4 51 16 379
100 m SW . 7 44 | 167 | 370
100 m SE 35 52 - 234 405
Reference A - 66 48 . 385 - - 340
Reference B 53 I 356 329

Candler, John E., S. Hoskin, M. Churan, C.W. Lai, and M. Freeman. 1995. Sea- -floor :
 Monitoring for Synthetic-Based Mud Discharged in the Western Gulf of Mexico. SPE
29694 Society of Petroleum Engineers Inc. March 1995.

The authors ni_onitored the fate and effects of discharged SBF and associated cuttings
(SBF-cuttings). The authors measured the fate of the polyalphaolefin (PAO) on three sampling
cruises to an oil platform that had discharged SBF- cuttings consisting of 441 bbl of cuttings and
354 bbl of adhering SBE. The cruises were conducted nine days, eight months and 24 months

- after the discharge had stopped. The effects of the SBF and cuttings on the benthos were measured

- only-on the third sampllng cruise. The sampling grid was a series of statlons along two

» perpendlcular transects running in north/south and cast/west directions from the discharge point;

' "The sampling stations were located along each of the transects at distances of 25 m, 50 m, 100 m,

~ and 200 m from the‘dis‘chargo point. Samples from.2,000 m were used as reference points. The

authors used chemical analysis for barium, total petroleum hydrocarbons (TPH) and oil and
- grease (O&G) to determine the presence of PAO base fluid in sediment samples. The authors
-stated that TPH was the better of the two organic analyses for detecting the synthetic material =
~ because the TPH test excludes certain polar organic compounds (e.g., fatty matter from animal and
vegetable sources) often detected in O&G tests. Effects on the benthos were dctcrmined by a
communlty analysis system whlch measured the speclcs richness (number of taxa), evenness (how
equally the total number of organisms is dlstnbuted) and diver: sny (measure of interaction of
rlchncss and cvenness) '
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The authors indicated that the greatest initial distribution of TPH, as measured nine days |
after discharge, was along the north/south transect with maximum values of 39,470 mg/kg (3.9
percent) at 100-m north and 134,428 mg/kg (13.4 percent) at 50-m south. In addition, TPH was
: initially measured above 1,000 mg/kg in all four directions with the furthest locations of 100-m
south and 200-m north. The results from the second sampling survey (eight months later) indicated -
- adecrease in average TPH for all distances except at 25 m. There was an increase in average ‘
TPH at 25 m predominately to the south and west (from 203 to 7,283 and 2,827 to 25,747 mg/kg,
~ respectively), indicating a southwesterly drift in the sediment. Results from the third and final
sampling survey (24 months later), while indicating a decrease in the average TPH at 25 m, also
indicated an increase in TPH at all but one of the four 25-m stations. The decrease of the west 25-
~'m station (from 25,747 to 8,330 mg/kg) overshadowed the increase of TPH at the other three
stations. Two stations beyond 25 m (50-m south and west) each measured an increase to greatér
than 1,000 mg/kg TPH. -

Although not discussed by the authors, the chemical analysis for the third survey indicated
an increase or no change in TPH for 10 of the 16 stations within 200 m of the discharge. There
was a slight increase in TPH for the 2,000-m west reference station. Sediment TPH and barium
data suggest llttle degradation of PAO (as 1nd1cated by TPH) between the second and third
surveys, although migration of fluids to further stations may be occurring. Exhibits 9- 8 and 9- 9
present average PAO (as indicated by TPH) and Ba levels versus distance for these surveys.

‘The benthic analySis, at 24 months after SBF-cuttings discharge terminated, indicated three
- sample stations that were significantly different than the reference stations. These three sample
stations were 25- and 50-m south and 25-m west from the discharge location. The highest TPH
values were also measured at these three stations. The vanablllty for species richness, abundance,
' leCl‘Slty, and evenness was reported to be much hlgher among all sample stations within 200

~meters of the dlscharge s1te than the varlablhty among the reference statxons

Schaannzng, M1 995 Evaluatzon of Overall Marme lmpact of the Novadril Mud System
' - NI VA Report 0-95018. ‘

. This report reviews available laboratory data on the toxicity, bioaccumulation, and
_ biodegradability of three type_s of polyalphaolefin (PAO)-based SBF. The report compares the
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Exhibit 9-8. Sediment TPH vs. Distance from Di‘ill Site
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ﬁnding of experimental studies on PAOs to field surveys of ester- and ether-based synthetic muds.

* The author cites results of Smith and Moore (1990) and Smith and Hobbs (1993), in which three -
surveys were conducted at the Ula well site 7/12-9 in the North Sea in 1990 immediately after

~ discharge of 97 tons of synthetic esters ceased, in 1991 one year later, and in 1992 two years later.
Sampling pattern information for these surveys is given in the summary of Smith and May (1991).

Schaanning reports that during the 1990 survey, the maximum concentration of synthetic

ester detected was 85,300 mg/kg at 50 m from the well. The average concentration of synthetic

-ester for eight sample sites (between 0 and 1 km; no further detail provided) was 16,546 mg/kg
compared to 2.3 mg/kg at a reference station 5,000 meters distant. Benthic organisms were

- severely impacted out to 100 m. Schaanning reports that in 1991 and 1992, the maximum

concentrations of synthetic ester base fluid-were 11.7 and 0.38 rrig/kg, respectively. In 1991, the

_ average ester concentration at eight stations w1th1n 1,000 m of the drill site was 2.5 mg/kg,

" approximately 10-fold higher than that at a reference station 6,000 m distant from the drill site. In
1992, the average ester concentration at eight stations within 1,000 m was 0.24 mg/kg,

: approximately 3-fold higher than at the reference station 6,000 m distant. Schaanning reports other
multivariate analyses of benthos (Smlth and Hobbs, 1993) provided evidence that minor changes-
to the macrobenthlc communltles were still present two years after the dlscharge ceased.

. Schaanning also cites a three-year study by Bakke et al. (1992) of a dischal_'ge of cuttings
contaminated with an ether-based SBF. The surveys were conducted at the Gyda well site 2/1-9,
just after the discharge of 160 tons of ether SBF ceased and annually for the next two years.

- Bakke reports that the maximum concentfations of synthetic ether at 50 m southwest from the -
platform were 2,600, 14,700, and 3.7 mg/kg for 1991, 1992, and 1993, respectively. The mean
. concentrations for the stations between 100 and 200 m from the platform for 1991, 1992, and 1993
- were 236, 96, and 2.1 mg/kg ether, respectively. Although no benthic data are presented for the

“ - four stations at which benthic biota were analyzed, Bakke reports benthic impacts were

“remarkably weak” for the high- concentration of synthetic ether detected in 1992.

- It should be noted that Schaanning includes brief discussions of additional seabed studies,
which are not referenced to studies or reports, from the North Sea. The information presented
from these studies is limited and'does not inclu‘de.any quantitative results from benthic analyses..

: Daan R, K Booz/, M. Mulder, and E. Van Weerlee 1996 Enwronmental Effects of a
Discharge of Cuttings Contaminated with Ester-Based Drilling Muds in the North Sea,
- .Environmental Toxzcology and Chemtstry, Vol. 15, No. 10, pp. 1709-1722. April 9,
1996.

v “The authors conducted field surveys in the Dutch sector of the North Sca for the effects of
’ dlscharged drill cuttings contaminated with an ester-based fluid over an 11-month period. A total
of 181 metric tons of ester (in a total estimated amount of 477 tons of an ester-based SBF) was
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discharged. Three sampling surveys were conducted 1, 4, and 11 months after the drilling was
completed. The authors also conducted a background survey prior to drilling to determine natural
variations of macrofauna and background chemistry. This background survey was conducted prior
to platform placement along a northeast-southwest transect that followed local residual current
patterns, with station located from the well site at distances of 75, 200, 500,-1,000, and 3,000 m to
the NE, and 75 m to the SW. However, because of the changes in sediment type beyond 200' m,
this transect was not used in the post-drilling surveys. The first post-drilling survey was
conducted one month after ester-based SBF discharges ceased to determine ester base fluid
~ concentrations only and was sampled northward from the drill site at distances of 75, 125, and 200
m to the N, then 75 m to the NE of the well site. There were no benthos samples taken during this '
survey. The second and third post-drilling surveys occurred four and 11 months after ester-based
SBF discharges ceased. Both surveys included 'bentho‘s and chemistry samples taken at 75, 125,
. 200, 500, 1,000, and 3,000 m to the N, at 75, 125, and 200 m to the NE, and at 75 m to the SW.

The chemical analysis for the three post-drilling surveys indicated the ester base fluid was
confined to distances under 200 m from the well site. Once beyond the 200 m station, ester base
fluid concentrations were at background levels. However, the analysis also showed an increase in
the ester base fluid from the one- to four-month surveys for all distances out to 200 m. Analyses
from the 11-month survey 1nd1cated a sharp declme in ester base fluid at all statrons

Sediment grain size distributions and benthic macrofaunal abundance from the background

- survey indicated similar communities occurred. only outto 200 m. Asa result, benthos background
results used for analysis were limited to stations at 75, 125, and 200 m from the discharge
location. The benthic analysis from the second survey indicated effects out to 500 m from the well
site and was attributed to the echinoderm Echinocardium cordatum. Ecordatum is highly
sensitive to organic enrichment and living adults were-found up to 500 m from the well site. .

: Addltlonaily, a bivalve that was one of the dominant species at 500 m was not found at the closer

- stations, There was a gradual increase in species abundance with distance. When compared t to the

background levels, the species abundance beyond 500 m after four months was lower, but the
authors attributed this to seasonal fluctuations. Benthos analysis from the third post-drilling survey
at 11 months indicated significant impacts out to 200'm. The authors indicate that species
abundance;, while significantly different from the reference stations, showed recovery of the

- sedlments was apparent aﬁer 11 months

BP Exploration Operatmg Company L. ]996 BP Smgle well 15/20b-12 (Donan) synthettc ,
mud (Petrofi-ee) second post-drilling environmental survey. Environment & Technology
Ltd. E‘RTDraft Report No. 96 /062/3 June 1996

} ~ This survey was the second of two surveys at the BP single well site 15/20b- 12, locatcd in
~ the North Sea. Although the first survey was not available for review, thlS sccond report
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compared the 1995 and 1996 seabed survey results for this well site. The first survey was
conducted in August 1995 approximately 5 months after drilling shutdown. The second survey

was conducted in June 1996, 15 months after drilling shut down. The discharge of Petrofree, an
ester SBF, amounted to 304 metric tons and was discharged at a depth of 142 m. The observations -
taken by the authors were: 1) S1de -scan sonar for cutting depth (piles), 2) Petrofree base fluid -
concentrations in 0-2 cm, 2-5 cm, and 5-10 cm of sediment, 3) barium concentrations, 4) redox
measurements at 2 cm and 4 cm, and 5) biota . Sampling sites were at 25-5,000 m down-current
(South) from the platform, 25-200 m up-current to the North, and 25-100 m to the East, West,
Northeast, Northwest, and Southwest.

The 1995 survey indicated the highest concentra_tion of Petrofree in the surface sediment
(0-2 cm) was located within 25 meters of the platform. The sampling point with the highest
concentration was 25 m Southwest, with an ester concentration of 8,389 mg/kg. Concentrations
within 25 meters of the platform ranged from 1,055 to 8,389 mg/kg. The highest concentration at
the furthermost station was 105. 5 mg/kg at 200 meters north of the platform. The concentratlons of .
Petrofree (base fluid) within 2-5 cm of sediment within 25 m ranged from 8.4 to 1,935 mg/kg. The
concentrations of Petrofree within 5-10 cm of sediment within 25 m ranged from 0.9 to 105.3

'mg/kg. Petrofree was measured at a concentration of 1,081 mg/kg in 10-15 cm subsurface

sediment at 25 meters north. Barium concentration rarrged from 70,100 'mg/lcg at the center to 661
mg/kg at 1,200 m south. Redox and side-scan: sonar results for 1995 were not reported. Although
data are not given for effects on benthic communities for the 1995 survey, the report indicated that
the number of species, evenness, and drversrty were statistically significant in relation to Petrofree _
concentration and distance. :

The 1996 survey indicated lower concentrations for surface sediment (0-2 cm) for most
sample sites. The authors reported changes ranging from 1.1-fold lower concentrations to 13.5- - -~ a
. fold lower concentrations from 1995 to 1996. Sediment concentration.of Petrofrec ranged from | '
133.1 to 1,785 mg/kg for the 25 m range. The hlghest concentratlon at the furthermost point was -
0.1 mg/kg measured at 500 m south. Variability among subsurface sedlment (2 5 and 5-10 cm)
Petrofree concentrations prevented development of trends for subsurface concentrations. Barium
~ concentration ranged from 22,000 at the center to 572 mg/kg at 1,200 m south. Redox readmgs
indicated anaerobic conditions within 200 meters of the platform. The depth profile indicated
-cutting piles of up to 15 cm out to 50 meters from the platform. Biota measurements indicated
- clear 1mmcts at 50 m, with transition communities devclopmg between 100 to 300 m, The authors'
stated the benthic communities at 1,200 meters indicated impacts associated with industrial
activity and trace amounts of Petrofree were mcasured at that location.

Vik, E.A., S. Dempsey, B. Nes'gaid 1996. E valuation of ‘Available Test Res'ults from
‘ - Environmental Studlies of Synthetic Based Drilling Muds. OLF Project, Acceptance :
C’r:tema for Dr tllmg Flulds' Aquateam Report No. 96-010).
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The authors provided a sum_rhary of results from eleven seabed studies, three of which have

been separately reviewed-in this report. Many of these reports were unavailable in English. The
“authors pr.esented a short review of sampling grids, discharge volumes, discharge depths, and
results. The information provided by authors was limited for each seabed survey and the resuits .

are included in Exhibit 9-2. However, a critical review of each original report has not been
~ provided in this Environmental Assessment. The overall trends of these reports were: (1)
concentrations decreased with distance from discharge point; (2) concentrations measured were

not discharge volume dependent; and (3) concentrations decreased with time, although there were "
 a few instances where the concentrations actually increased.

Continental Shelf Associates, Inc. 1998. Joint EPA/Industry Screening Survey to Assess the
Deposition of Drill Cuttings and Associated Synthetic Based Mud on the Seabed of the
Louisiana Continental Shelf, Gulf of Mexico. 21 October 1998, Data Report. Prepared :
Jor API Health and Envzronmental Sciences Dept

The authors provided a data report on a joint EPA/Industry screening cruise, which was
conducted to-provide a preliminary evaluation of the areal extent of observable physical,
chemical, and biological impacts of drill cuttings contaminated with SBFs (SBF-cuttings) and to
evaluate sampling methods that will be used in future more detailed surveys. Three sites were
surveyed, for organics (SBF associated hydrocarbons TOC and PAH), sediment grain size, odor
and visual characteristics, and water column profiles. Oxidation-reduction potential, macrofauna
and sediment toxicity samples were taken at selected sites. Side-scan sonar and Benthos
MiniROVER remote operated vehicle (ROV) television camera were used to identify -
accumulation of drill cuttings. Sampling sites were located on a radial grid and along four
transects that were parallel with bathymetry wheri possible. The stations were at distances of 50,
150, and 2000 m from the platform, with the 2000 m stations serving as the references stations.

‘Two additional stations, 100 m from the platform, were sampled at two of the sites. The hlghest
concentration of SBF associated hydrocarbons (1,900, 6, 500, and 23 ;000 mg hydrocarbon/kg dry .
sediment) were found within 50 m of the platforms. The ﬁthhermost statton at which SBF- .

" associated hydrocarbons were found was 100 m for one platform. The concentration measured at |

that one station was 41 mg hydrocarbons/kg dry sediment. Nine sediment samples were also taken

~ for sediment toxicity tests using the. 10-day sediment toxicity test (ASTM'E 1367-92; ASTM,

.1992). Two of the nine sediment samples taken would have been considered toxic to marine

~ . amphipods using the current sediment testing guldclmes Percent survival of amphipods exposed

~ to-those two samples was 77% and 62%. SBF assoclated hydrocarbons were not measurable at
the dctcctlon level for these two samples Analyses of impacts to marcofauna were not complete

. at the time of this report. Conclusions drawn by the authors were elevated concentrations of SBF-

associated hydrocarbons were scattered around the platform rather than in a continuous pattern;

- side-scan tecliniques could be improved; ROV use is not appropriate near soft muddy seaﬂoors _
and a bcttcr methodology for evaluating clcctrochumcal potential (Eh) is needed. -
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Fechhelm, R.G., BJ. qulaway, and J.M. Farmer. 1999. Deepwater Sampling at a Synthetic

- Drilling Mud Discharge Site on the Outer Continental Shelf, Northern Gulf of Mexico.
Presented at the 1999 SPE/EPA Exploration and Production Environmental Conference Feb. 28
- March 3, 1999. SPE 52744

The authors conducted two benthic studies to assess the impacts of the discharge of drill
cuttings contaminated with the SBF Petrofree LE (a 90% LAO/10% ester blend) on benthic
commiunities in 565 meters water depth.' The studies were conducted 9 months apart with the first
(July 1997) conducted 4 months after discharge ceased. Prior to this July survey, 6,263 bbls of
SBF had been discharged. An additional 1,486 bbls of SBF was discharged for 2 months prior to
the second survey in March of 1998. The surveys analyzed benthic sediment samples for both
- chemical concentrations of Petrofree LE and changes in benthic communities along four transects
(NE SE, SW, and NW). Sampling stations were located at 25 m intervals with the SW and NE
transects extending to 75 m and the NW and SE transects extending to 50 m. As a result of

~ chemical analyses from the July 1997 survey, the NW transect was extended to 90 m during the

March 1998 survey. Samples for chemical analysis were divided into surficial samples (0-2 cm)
- and subsurface samples (2-5 cm).

Chemical analyses results for both surveys indicate the highest concentration of SBF for
both surficial and subsurface samples were found along the NE transect and were located at the 75
'm station. Concentrations of SBF at this location for the surface samples were 165,051 mg/kg for
1997 and 198,320 mg/kg for 1998. Concentrations at these locations for subsurface samples were .
8,332 mg/kg for 1997 and 85,821 mg/kg for 1998. The authors suggest the possible reasons for
‘high concentrations of SBF may be due to slower biodegradation rates than those noted in the
North Sea or the initial concentration of Petrofree LE was hlghcr than that measured. There were
no statistical differences between the July 1997 and March 1998 surficial and subsurface
- concentrations. However, the March 1998 values ‘were higher, lending some weight to the
hypothesis that the 1n1t1al Petrofree LE concentratlon was higher than measured.

Results of the March 1998 benthic surv'ey indicate an increase of polychaetes and
gastropods as compared to MMS background data, Polychaete densities were nearly 40 tlmes
"higher than background data. Gastropod densities Werc nearly 3,000 times higher than ,
background. The authors postulated that biodegradation may have sustamcd bacterlal activity at a '
level that lead to an increase in these benthic macrofauna. :

Unocal Comments, EPA Effluent Limitations Guidelines for the Oil & Gas Extractlon Poml
Sour ce Categm v, Proposed Ruling (40 CFR Part 435), June 9, 2000,
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Unocal submitted public comments to EPA, i'ncluding seabed survey data from 4 wells
drilled from the Vermillion 38/39 platforms. The platforms were located in shallow Gulf of
- Mexico waters (35-40 feet). The surveys- consisted of collecting sediment samples from a
minimum 9 meters to a maximum of 86 meters distance from the discharge point. According to the
laboratory reports presénted in Appendix C of the comments, the sediment core samples had
experienced some mixing, so composite samples were taken from each of the cores as opposed to
samples from the top, middle, and bottom sections of each of the cores. The samples were
analyzed for total oil and grease and the hydrocarbons were classified using gas chromatography
analysis.

Of the four surveys, a small area of sediment around Structure M had significantly elevated
total oil and grease levels (ranging from 140 to 6,000 ppm) at approximately 40 meters from the
discharge point. Total oil and grease levels in most of the other sites were near the detection limit
of 50 ppm as described in the laboratory report. '

In addition, Unocal submitted a videotape of seafloor site surveys conducted with an ROV
before and immediately after drilling four Unocal deep water wells. The wells were the
following: South Sierra, located in 1,120 m water depth; Bowshock, in 762 m water depth,
Sumatra, 1,133 m water depth, McKinley, 854 m water depth. The videotapes do not show any
evidence of cuttings pile formation beneath any of the four well locations. According to Unocal,
this is expected because of the water depth involved, allowing the cuttings to be carried aWay by
“currents and become dispersed. :

Neff, J. M, McKelvze S., and Ayers, R.C. 4 therature Review of Environmental Impacts of

o Synthetic Based Drilling Fluids. Report to U.S. Dept of the Interzor Mznerals Management

Service, Gulf of Mexico OCS Oﬁ‘ ice. Aprzl 2 7 2000.

Most of the ‘seabed surve'ys of SBF discharges reviewed in this. report were also reviewed
by EPA and are summarized above. There are, however, several UKOOA unpublished report data
that the authors reviewed and prescnted in their report. As part of the SBF cuttings discharge '
studies in the UK Scctor, seabed surveys were performed to document the presence of cuttings
piles on the seabed near- smgle~well drilling operations. According to the authors, the helght and
area of cuttings piles vaned Wldely, ranging from not evident to 3 m in hmght and t0 0.9 km?.

The authors summarlzcd UKOOA well data on SBF concentrations in scdlments from 17
sites. ‘Surveys were conducted shortly after dlscharge (ycan 1) and one year later (year 2)
' » Accm ding to the authors, there was a large variation in the data and it was not possible to draw
~ any firm conclusions about rates of biodegradation, dilution, or washout of different types of SBF
’ cuttlngs from scduncnts Despltc this variation, the authors statcd 1hat the avcragc concentrations
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in sediments of n-parrafins, linear paraffins, LAOs, and ester SBFs declined between the Year 1
and Year 2 surveys, suggesting some degradation or washout of these SBFs. Ester concentrations
~ in sediments near rigs using ester SBFs were lower than concentrations of other SBFs near the
platforms using other SBFs. This observation lends support to the hypothesm that esters
biodegrade rapidly in sediments.

The authors conducted a regression analysis to determine the reléltionship between water
depth and maximum concentrations of SBF base chemical in surface sediments near drilling
 platform in the UK Sector of the North Sea. There was no correlation with the mass.of cuttings
dlscharged The amount of cuttings accumulating in sediments is dependent on a complex _

- interaction of' dlscharge rate and mass, water depth, current structure of the water column, and the

type of SBF and cuttings.

Two UK North Sea well site SBF sediment concentration data was provided by the authors
in full, including all transects and different sediment'depths. One well was drilled with an ester
SBF in a water depth of 150 meters. Samples were collected soon after discharge along five
transects at varying distances from the discharge point, 3 locations from 0 to 75 meters for each
transect. All transects contained elevated ester concentrations in the surface sediments though the

-southwest transect was most elevated (see Table 9-2). Ester concentratlons in the surface
sediments during the second year- after dlschargc decreased significantly for most sampling
locations except the furthest from the discharge point (75 m). In deeper sediments (2-5 cm), the
ester concentration was elevated in the second year compared to the first year in most of the
sampling points.

- The other well was drilled using an LAO SBF in 185 meters of water. Samples were
' collected soon after dlscharge along seven transécts, but only the southeast transect was sampled
* in more than one point other than the discharge location (0, 50m, and 100 m). In most cases, SBF
cuttings do not penetrate and mix deeply into surface sediments near the platform, However, at -
. this site, the concentration of LAO in sediments at the well site (0 meters from the dlscharge)
* during the first year of samplmg 1ncrcased from 7, 876 mg/kg at the- surface t0 25,023 mg/kg ata
* sediment depth of 5 to 8 cm.

Of the two UK North Sea wells studies descrlbed above, the one drilled with an ester also

' -sampled seabed biologic comimunities. According to the authors, the numbers of individuals of

- benthic fauna were not correlated with sediment ester concentrations. In fact, highest abundances

" of benthic fauna were in sediments with the highest ester concentrations, However, the sediments’
with the highest concentratlons of esters and largest numbers of benthic animals had the fewest
taxa, indicating that the' surviving fauna of cstcr—contammatcd sediments consisted of a fow _

- opportunistic species. A year after drilling, the pattern had not changed, although the maximum
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concentration of ester in sediment had decreased. The two most heavily contaminated sediments
had the lowest numbers of taxa, but some of the largest numbers of individuals.

The authors also present data of benthlc faunal surveys performed shortly after completion
- of drilling with linear paraffin SBFs on two platforms in the UK Sector of the North Sea. At the
first platform, the number of individuals of benthic fauna in sediments declined with increasing
linear paraffin concentrations in sediments. At the second linear paraffin discharge site, the

* benthic fauna were much less abundant and diverse in sediments compared to the first discharge

- site. The number of individuals was highest in sediments from three or the four stations with the
.highest linear paraffin concentrations. The authors concluded that the naturally low biological
diversity of the benthic fauna at the second site may have obscured effects of the drilling
discharges, or the resident community, possibly already adapted to environmental stress, may have
been less sensitive to SBF cuttings than the commuriity at the first site.

Jensen, T., et al. Technical Report: Dispersion and Effects of Synthetic Drilling Fluids on the
Environment; Biological survey, Long-term Eﬁ’ect of Oil and Produced water, Chemicals and
Oil Spill Contingency. Prepared for the ]l/[mzstry of Oil and Energy. Report no. 99-3507.
September 7, 1999.

ThlS study was based on previously collected field data from biological and chemical
surveys of the oil and gas fields in the North Sea and the Norwegian Sea. In these areas, there
were relatively few fields where only SBFs were used and data from surveys were limited to the
- time petiod 1993 to 1997. There was only one field (the Tordis ﬁeld) that had coinciding
chemical and biological data over several years. EPA reviewed the Tordis chemical data only
(see Gjos, et al., 1995). In total, this study compares the following fields and years: Balder 1997,
Froy 1997, Heidrun 1997 Snor 1996, Statfjord Noxth 1996, Stattjord East 1996, Tordis 1993-
1997, Vigdis 1996 and Yme Gamma 1996 ' ‘

The authors used the sedi'mentconc_entration of barium as an indicator sedimentation effects

- and sediment concentration of metals and organic compounds'as indioatms of whether toxic effects

are likely. To assess the possible effects of cuttings on the benthlc fauna, correlations were madc

~ ‘between the diversity of the benthic fauna and the percentage of barium in the sediment and
‘between dlverSIty and quantlty of SBFs, :

' The max1mum reduced diversity on stations closcst to the d:schargcs, compared wnth
unaffected stations and reference stations around the respective installations, was 50% on Satfjord
~ North in 1996, but there was clearly reduced diversity on the Tordis field in 1995 (44%) and the
Snorre field in 1996 (36%). In most stations, rcduced diversity was. only found at 250 meters from = -
the platform, but on Snorre, Statfjord North, and Statfjord East, reduced divcrsuy was also found
. at500 meters (see Exhlblt 9-10). A change in the densnty of individuals in mdlcator species
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(Chaetozone setosa, Capitalla capitata, Pseudopolydora paucibranchiata, Raricirrus beryli,

and Octobranchus floriceps) was found up to 1,000 meters from the platform in some fields, but in
most cases only in stations up to 500 meters.

According to the authors, in several of the fields a statistically significant correlation was
found between reduced diversity in the benthic fauna and high concentrations of barium, olefin and
ester in the bottom sediments. In most cases, there was a stronger correlatlon between the
reduction in diversity and high concentrations of olefin and/or ester than with barium, which may
indicate that poss1ble toxic effects are greater than effects due to sedimentation and physical
disturbance as a result of dispersion of cuttings. In addition, the authors concluded through their
statistical analyses of fields using both ether and olefins and fields usmg both esters and olefins
that ethers have less envuonmental impacts than olefins and olefins have less impacts than esters.

* The authors also stated that in more than half the fields, there was a significant, positive
correlation between the number of individuals of several pollution tolerant bristle worm species
and negative correlation in density of 1nd1v1dua1s of he bristle worm, Myrzochele oculata and the
mussel, Thyasira succzsa : '

A final analysis conducted in this report was a correspondence analysis, specifically the
canonical correspondence analy51s (CCA). This analysis is an ordination method that analyzes the
species matrices consisting of many species compared in relation to the number of stations.
Environmental variables are then analyzed together with fauna data and the linear combinations of

the environmental variables are chosen.. Mathematically, this means that the range of variation for
. the species is projected down in the range of variation for the environmental variables. The llncar :
- ‘combinations are determined on the basis of regression. According to the authors, the CCA
- analyses show that there is a correlatlon between discharge of SBFs and biological variation in the
benthic community. Specifically, copper, sediment olefin concentration and sediment ester
~ concentration best explain the observed variation in benthic fauna. ' '
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Orentas, N., Avanti Corporation, Memorandum to Charles Te amulonis USEPA, EAD; regarding,
“Preliminary Analysis of Benthic Faunal Sample Data Collected Durzng the EPA/Industry SBF
Screening Cruise, August 1997.” December 17, 2000.

In August 1997, a team of EPA and Industry environmental scientists sampled three central
Gulf of Mexico oil and gas platforms as a preliminary investigation of the effects of cuttings from
SBFs on the local benthic environment. SBF sediment concentrations were analyzed and are
reported in CSA, 1998 (see summary above). Grab samples for macroinfaunal analysis were
collected at the Grand Isle (GI) 95A and South Marsh Island (SMI) 57C platforms. During the
survey, 100-m stations were added along the east and west transects at GI 95A and SMI 57C for
additional collections of macroinfaunal and toxicity samples

EPA conducted a preliminary analysis of the macroinfaunal data (see Exhibit 9-12). "The
number of species and number of individuals per species for each grab sample collected around
SMI 57C platform do not vary significantly. Therefore, it appears that there are no detected
impacts to the fauna in this location. For samples collected at GI 95A, both the nurnber of species
and the number of individuals appear to be depressed at 50 meters along the western transect and
possibly at 150 meters, though the variability between the- grab samples is too high to con51der the
depresswn significant at the 150 meter locatlon ,

Jacques Whitford Environment Limited. 1999a. “Hibernia Production Phase Environmental
Effects Monitoring Program Year One, Volumes I & II.’ Prepared for Hibernia Management :
- Development Corporatzon July 1999.

The Hibernia ﬁeld is located near the northeast corner of the Grand Banks, approxmlately
“315 km east-southeast of St. John’s, Newfoundland, and approximately 35 km northwest of the
Terra Nova Oil Field. Drilling commenced in June 1997 from the Hibernia platform This report
is part of an ongoing Env1ronmenta1 Effects Momtormg (EEM) program. The EEM consists of two :
samplmg programs: a sediment ¢ survey anda brologlcal survey ' '

Sedunent sampling was bgtsed on-a sampling grid cOns'isting of 44 sampling points laid out "~
in a series of eight radii and concentric rings progressing outward from the platform location. The
closest ring to the platform is 250 meters, the furthest is 8,000 meters and two reference statlons
were locatcd 16 km north and west of the platform For the second survey, five stations were -
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- added along a southeast transect starting at about 2,000 meters from the Hibernia platform.
Samples were collected for analysis of sediment chemistry, sediment toxicity, and benthic infauna.
Benthic data was also collected to within 250 meters of the platform.

A baseline biological survey was conducted from December 4 to 6, 1994 within a fishing
"zone (500 to 2,000 meters) around the platform and at a reference site located approximately 50
km northwest of the platform. The biological survey specifically targeted the collection of
- American plaice and Iceland scallops. Samples were tested for body burden and
~ organoleptic(taste panel) evaluations. According to the authors, problems occurred in collectlng
sufficient samples for the blOlOglC analyses.

The first post-production sediment survey was undertaken in August of 1998, while the
first post-production biological survey was conducted in December 1998. ‘According to the EEM
program, surveys are to be conducted on an annual basis for the first three years of production
(1998, 1999. And 2,000) and every second year thereafter.

The Hibernia platform uses water based muds, oil based muds (OBFs) and SBFs for

- drilling. The OBFs used are low-viscosity mineral oils or paraffin oils. The SBF used contains
the base oil IPAR-3, a synthetic iso-alkane. According to the study authors, the OBF solids are
treated by a cuttings wash system and discharged through shale chutes at the platform. SBF =~
cuttings are not cleaned and like the OBF cuttings are discharged onsite. Though iow-viscosity
mineral oils are significantly less toxic than diesel-based OBFs, nevertheless they are not
considered SBFs. Thus, the data presented in the Hibernia report may not represent effects from
SBF discharges alone, since both an SBF and OBF are being discharged from the same location.
However, EPA considered the survey data valuable and thus, reviewed the findings and
sumv_marizedv them in Exhibit 9-2..

- Sediment chemistry analysis consisted of analyses for irace metals, trace organics, such
PAH and TEH, and sediment properties, such as TOC. The study did find that, relative to the -
baseline survey, there was a significant increase in the level of sediment TEH concentrations at the
250 meter and 500 meter locations and that concentrations attenuated wrth distance from the
platform. Among the study recommendations, one is that a more intensive sampling program
- should be conducted within the 1 000 meter range.” For a more accurate assessment of discharge
‘impacts that is not considered by the study authors, t sampling should probably be conducted at
even closer locatlons to the platform such 25, 50 and 100 meters.

A review of thc summary of benthic mfaunal ‘data suggcsts that there is no statlstlca]
: dlffel ence in cither the abundance or rlclmcss bcyond 250 meters from the platform.
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Calculation of Gulf of Mexico Shrimp Catch

A2

o Texas Louisiana _ Source/Comment
Landings (Ibs) 70,753,261 85,743', 137 NMFS, 1999/Average of
. 1997-1998 landings
Catch:Landings Ratio 0.85 1.23 Offshore Environmental Assessrhent,
' Table 3-9 (Avanti, 1993)
Catch (lbs) | 60,140,272 105,464,059 Landings * Catéh/Landings ratio
Catch by Location (Ibs) Offshore Environmental Assessment,
Table 3-9 (Avanti, 1993)/catch * 0.576
0-3 miles 34,640,797 60,747,298 = (-3 mile portion of catch, '
- Coastal 23,555,742 45,864,210 0-3 mile portion * 0.668 (TX) or
Offshore 11,085,055 14,883,088 0.755 (LA) determines protion of 0-3
’ mile segment that is offshore (as

3-80 miles 25,499,475 44,716,761 opposed to coastal)
Offshore Area (mi?) - _ ‘ , ,

0-3 mile 1,107 1,314 " Offshore Environmental Assessment,

-3-80 mile 28,413 33,726 Table 3-11 (Avanti, 1993):
Catch/Area (Ibs/mi?) -
" 0-3 mile 10,014 11,327
' Assumes all shallow wells drilled are

Weighted Average in the Territorial Seas (0-3 miles);
Catch (Ibs) 10,850 weighted by total catch/state
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APPENDIX 4-1

GULF OF MEXICO ,
SURFACE WATER QUALITY ANALYSIS
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Water Column Pollutant Concentrations - GOM

Baseline

Pollutant Name

Pollutants in Model
SBF Well Effluent

Average -Coﬁc. of

Water Column
Conc. At 100

Water Column
Exceedances of
Federal Criteria |

(mgfl) meters (mg/i)
Naphthalene 1.0995 2.94E-05
Fluorene 0.5997 1.60E-05 0
Phenanthrene 1.4225 3.80E-05
0.0039 1.03E-07 0
Cadmium 0.1610 4.73E-07 0
0.0146 7.04E-09 0
0.8342 2.90E-06 0
1.0391 1.39E-07 0
0.1024 3.56E-07
35.1248- 3.19E-05 0
2.7368 4.61E-07] 0
5.1370 " 2.75E-06 0
1.9758 2.27E-06} 0
Selenium 0.1610 -5.69E-07 0
Silver 0.1024 3.56E-07 0
[Thallium 01756 - 6.10E-07 0]
29.3439 . 3.21E-06 0
11327.4109 4.61E-03
86055.8132 4.83E-03
2245.6908 7.80E-03]
2.1368 7.42E-06
Titanium 12.8059 " 4.45E-05
Alkylated benzenes 6.1896 1.65E-04
|Alkylated naphthalenes 58.1899 1.55E-03]
Alkylated fluorenes 7.0046 1.87E-04
Alkylated phenanthrenes 8.8500 2.36E-04
Alkylated phenols - 10.0341 9.12E-07
. [Total biphenyls - 111.5027 3.07E-04
. |Total dibenzothiophenes 10.4902 1.31E-05
A-4
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Water Column Pollutant Concentrations - GOM

BAT Option 1
l'f\ \;ﬁ:‘tagtisC_onG. 2fl Water Column | Water Column
Pollutant Name S?BF 3;‘ 1n Wloce Conc. At 100 | Exceedances of
. Nell Effluent o .
(mghl) meters (mg/l) | Federal Criteria
0.4987 1.33E-05 E
0.2720 ‘ 7.27E-06 ' ol
0.6451 1.72E-05
0.0018 4.69E-08 0
: 0.0730 2.15E-07} .0
Mercury 0.0066 3.19E-09 0
~ |Antimony . 10.3783 1.31E-06} 0
Arsenic © . 0.4712 _ 6.30E-08 0
|Betylium ~10.0465 . 1.61E-07
Chromium . 15.9289 1.45E-05 0
Copper 1.2411 2.09E-07 o]
|Lead , 2.3296 . 1.24E-06 0
Nickel ' 0.8960 1.03E-06 -0
Selenium R 0.0730 . 2.54E-07} 0
- |Silver 0.0465 - 1.61E-07 0
Thallium o 0.0796 - ' 2.77€-07 0|.
13.3072 1.46E-06 0
601.9718 2.09E-03
0.0730 . '4.10E-09
1018.4055 3.54E-03
0.9690 3.37E-06
Titanium - _ - 15.8074 2.02E-05
Alkylated benzenes 2.8072 _ 7.50E-05
Alkylated naphthalenes . 26.3908 - 7.05E-04
Alkylated fluorenes ' 3.1768 ’ 8.49E-05
- JAlkylated phenanthrenes |4.0137 : 1.07E-04
- JAlkylated phenols 0.0155 T 4.13E-07
Total biphenyls . ) 15.2168 S B 1.39E-04] -
 {Total dibenzothiophenes 0.2223 R - 5.94E-06
A-5
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Water Column Pollutant Concentrations - GOM

BAT Option 2

Pollutant _Name

Average Cbnc. of .
Pollutants in Model
SBF Well Effluent

Water Column
Conc. At 100

- Water Column
Exceedances of
Federal Criteria

. (mgl) meters (mg/l)
0.4750 1.27E-05}|
0.2591 6.92E-06 0
0.6145 1.64E-05 :
0.0017 4.47E-08 0
0.0696 2.04E-07 of
0.0063 3.04E-09 ol
0.3604 1.25E-06 0
0.4489 6.00E-08 0
0.0443 1.54E-07 ,.
15.1752 1.38E-05 0
1.1824 1.99E-07 0
2.2194 1.19E-06 0
0.8536 9.81E-07 0
0.0696 2.42E-07) o]
0.0443 1.54E-07 o]
- |0.0759 2.64E-07 0
12.6776 1.39E-06 0
573.4885 . 1.99E-03
37179.1542 2.09E-03
970.2178 3.37E-03
0.9232 3.21E-06
Titanium 5.5326 1.92E-05
JAlkylated benzenes 26738 7.14E-05
Alkylated naphthalenes - 25.1368 - 6.72E-04
Alkylated fluorenes 3.0259 8.09E-05
Alkylated phenanthrenes 3.8230 . 1.02E-04
Alkylated phenols 10.0147 3.94E-07
- [Total biphenyls - 4.9689 1.33E-04
| Total dibenzothiophenes 0.2117 5.66E-06]
A-6.
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APPENDIX 4-2

| COOK INLET, ALASKA
SURFACE WATER QUALITY ANALYSIS
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Water Column Pollutant Concentrations - AK
Baseline (Zero Disch'arge)

Pollutants in

Pollutant Name

JAverage Conc. Of

Model SBF Well in

Water
Column
Conc. At 100
meters (mg/l)

Water Column
Exceedances
of Federal
Criteria

Water Column
Exceedances
of AK State
Standards

Effluent (mg/l)

Titanium
Alkylated benzenes
Alkylated naphthalenes
Alkylated fluorenes :
Alkylated phenanthrenes -
- |Alkylated phenols
" [Total biphenyls

" {Total dibenzothiophenes

0.00E+00
0.00E+00
0.00E+00
0.00E+00]

0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
~ 0.00E+00

0.00E+00|

- 0.00E+00}

. 0.00E+00§

0.00E+00}

(=]

[=X=E=X~]

=N =X=N=X=N=E=)

[=]

QOO OO0OO0OOCOOOO0OO

0.00E+00
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Water Column Pollutant Concen_trations -AK

BAT Option 1
: _ Average Conc. Of . .Water Water Column | Water Column
‘ Pollutants in Model]Column Conc.| Exceedances | Exceedances
Pollutant Name SBF Well in . |At100 meters| of Federal | of AK State
Effluent (mg/l) (mgl) Criteria Standards
. |0.4987 : 5.22E-05|- 0
0.2720 2.85E-05 : 0
0.6451 - - B.75E-05 ,
0.0018 1.84E-07 0 ol
0.0730 8.41E-07 .0 0
' 0.0066 . 1.265E-08 0 0
" jAntimony L 0.3783 5.15E-06 0 0
Arsenic ‘ 04712 . 2.47E-07 0 0
|Berylium : 0.0465 6.32E-07 0
Chromium , 15.9289 : 5.67E-05 0 0
Copper 1.2411 8.19E-07 0 ol
Lead 2.3296 4.88E-06 0 0
Nickel ‘ 0.8960 4.03E-06] . -0 0]
Selenium 0.0730 : 9.94E-07 0 0
Silver _ 0.0465 - ' 6.32E-07 0 0
Thallium , 0.0796. 1.08E-06 0 0
' 13.3072 5.71E-06 0 0
Aluminum )1. 8.19E-03
Barium 0.0730 ‘ 1.61E-08
iron : . 1018.4055 -1.39E-02
Tin . _ [0.9690 1.32E-05
Titanium 5.8074 7.90E-05
Alkylated benzenes - 2.8072 : 2.94E-04
Alkylated naphthalenes © ]26.3908 - 2.76E-03
Alkylated fluorenes . .. [3.1768 - 3.33E-04
- {Alkylated phenanthrenes 4.0137 . - 4.20E-04
~ |Alkylated phenols . 0.0155 B - "1.62E-06
Total biphenyls B 15.2168 _ 5.46E-04] .
Total dibenzothiophenes .~ - |0.2223 o  2.33E-05

AN

A9

EPA COOK_INKPR 005805



Water Colurﬁn Pollutant Concehtrations -AK

EPA_COOK_INKPR 005806

BAT Option 2 .
E Average Conc. Of Water Column Water Column [ Water Column
Pollutant Name Pollutants in Model Conc. At 100 ‘| Exceedances | Exceedances
) SBF Well in meter.s (m 1 of Federal of AK State
Effluent (mg/l) g Criteria Standards
Naphthalene 0.4750 4.97E-05 0
Fluorene 0.2591 2.71E-05 0 :
Phenanthrene 0.6145 6.43E-05
‘ .|0.0017 1.75E-07} o 0
- |0.0696 8.01E-07 0 0
0.0063 -1.19E-08 0} 0
0.3604 4.91E-06 0 0]
0.4489 2.35E-07) 0 -0
0.0443 6.02E-07 0
15.1752 5.40E-05 0 0
-~ ]1.1824 7.80E-07 0 0
22194 4.65E-06 0 0
|Nickel 0.8536 - 3.84E-06 0 0
Selenium 0.0696 9.47E-07 0 0
Silver 0.0443 6.02E-07 0 0]
- [Thallium 0.0759 1.03E-06 0 -0
12.6776 5.44E-06]. 0 0
573.4885 . 7.81E-03
37179.1542 8.17E-03
970.2178 1.32E-02
|Tin ]0.9232 1.26E-05
Titanium 5.5326 . 7.53E-05
Alkylated benzenes 26738 2.80E-04
Alkylated naphthalenes 25.1368 ' 2.63E-03
Alkylated fluorenes 3.0259 3.17E-04
Alkylated phenanthrenes 3.8230 . 4.00E-04
Alkylated phenols 10.0147 . . 1.54E-06|
Total biphenyls . o 4.9689 5.20E-04} ‘
Total dibenzothiophenes - 10.2117 "2.22E-05] 3
A-10




APPENDIX 4-3

OFFSHORE CALIFORNIA

SURFACE WATER QUALITY ANALYSIS

A-11
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Water Column.Pollutant Concentrations - CA

Baseline (Zero Discharge)

Pollutant Name

Average Conc. Of
Pollutants in Model
SBF Well in Effluent

WaterFCqumn
Conc. At 100
meters (mg/l)

. Water Column
Exceedances of
Federal Criteria

(mg/l)
0.0000 0.00E+00 |
0.0000 0.00E+00 0
-10.0000 0.00E+00
0.0000 0.00E+00 0
0.0000 0.00E+00 0
0.0000 0.00E+00 0
0.0000 0.00E+00 0
0.0000 0.00E+00 0
0.0000 0.00E+00
0.0000 0.00E+00 0
0.0000 0.00E+00 0
0.0000 - 0.00E+00 0
: .10.0000 0.00E+00 0
_ ISelenium 0.0000 0.00E+00 0
|Silver 0.0000 0.00E+00 0
Thallium 0.0000 0.00E+00 0
0.0000 0.00E+00 0
0.0000  0.00E+00
0.0000 0.00E+00
0.0000 . 0.00E+00
_ 0.0000 0.00E+00
Titanium _ 0.0000 0.00E+00
Alkylated benzenes 0.0000 . 0.00E+00
Alkylated naphthalenes 0.0000 - 0.00E+00
Alkylated fluorenes 0.0000 0.00E+00]}
Alkylated phenanthrenes 0.0000 .0.00E+00
Alkylated phenols 0.0000 0.00E+00
Total biphenyls , - {0.0000 0.00E+00
_{Total dibenzothiophenes " 10.0000 - 0.00E+00
A.“] 2 i
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Water Column Pollutant Concentrations - CA

BAT Option 1
: :o ‘:ﬁ:;g:sciﬁn&)g; Water Column | Water Column
Pollutant Name SBF Well in Effluent Conc. At 100 } Exceedances of
_ (mgll) ‘ meters (mg/l) | Federal Criteria
0.4987 3.86E-05 7
0.2720 2.11E-05 0
0.6451 5.00E-05
0.0018 1.36E-07 0
0.0730 6.22E-07 0
0.0066 9.25E-09 0
0.3783 3.81E-06 0
04712 . 1.83E-07 0
0.0465 . 4.68E-07
15.9289 4.20E-05] 0
1.2411 6.06E-07 0
2.3296 3.61E-06 0
0.8960 2.98E-06 0
0.0730 7.35E-07 0
0.0465 4.68E-07 0
0.0796 8.02E-07 0
13.3072 4.23E-06 0
1601.9718 6.06E-03
0.0730 1.19E-08
1018.4055 1.03E-02
Tin 0.9690 9.76E-06
Titanium 5.8074 - 5.85E-05
Alkylated benzenes 2.8072 2.17E-04
Alkylated naphthalenes 26.3908 2.04E-03
Alkylated fluorenes 3.1768 2.46E-04
Alkylated phenanthrenes 4.0137 3.11E-04
Alkylated phenols 0.0155 . 1.20E-06] .
Total biphenyls 5.2168 4.04E-04
Total dibenzothiophenes ©]0.2223 1.72E-05
A-13
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Water Column Pollutant Concentrations - CA

BAT Option 2
: PAO \Il:;r;?ﬁ:sc-:iznl\:.ogfal Water Column | Water Column
Pollutant Name SBF Well in Effluent Conc. At 100 | Exceedances of
(mglt) meters (mg/l) | Federal Criteria
Naphthalene - 0.4750 3.68E-05
Fluorene 0.2591 '2.01E-05 0
Phenanthrene 0.6145 4.76E-05
~ |Phenol 0.0017 - 1.29E-07 0
Cadmium . 0.0696 5.93E-07 0
Mercury 0.0063 8.82E-09 0
Antimony 0.3604 3.63E-06 0
Arsenic 0.4489 1.74E-07 0
Berylium 0.0443 4.46E-07
Chromium 15.1752 4.00E-05 0
Copper 1.1824 5.77E-07 0
. |Lead . 2.2194 3.44E-06 0
Nickel 0.8536 2.84E-06 0
Selenium 0.0696 7.00E-07 o]
Silver 0.0443 4.46E-07) 0
Thallium 0.0759. 7.64E-07 0
HZinc 12.6776 4.03E-06 0
Aluminum- 573.4885 5.78E-03
Barium 37179.1542 6.05E-03
fron 970.2178 9.77E-03
Tin 0.9232 9.30E-06
Titanium 5.5326 . 5.57E-05
Alkylated benzenes 2.6738 2.07E-04
Alkylated naphthalenes 25.1368 1.95E-03
‘JAlkylated fluorenes 3.0259- 2.34E-04
Alkylated phenanthrenes 3.8230 2.96E-04
. JAlkylated. phenols ' 0.0147 ' 1.14E-06
Total biphenyls . 14.9689 ! 3.85E-04
- |Total dibenzothiophenes 10.2117 1.64E-05

. A-14
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APPENDIX 4-4

GULF OF MEXICO
'SEDIMENT PORE WATER QUALITY ANALYSIS

A-15

EPA_COOK_INKPR 005811



“enolliy

mo-.n._mm r

_Sve00

P A AR

0 €0-319°G 1goc’L| o [eo-389C 82589°0 ©oouz
000 €0-390°} Z800°0| {0 #0-380°G 6£00°0 wrigeyy
000 ¥0-312°9 8¥00'0] |00°0 ¥0-396'C €200°0 oIS
0 ¥0-39.'6 62000} 0 £0-399'V 9€00°0 wnjusfes
0 £0-396°¢ 12600} [0 £0-368°L 0ovr00f . - JONOIN
0 _mo-m_mhv geez0f |0 leo3e627C - erLL0 . - pes
0 vo-avos YrAN Il o} Y0-3¥8°C 609070 Jeddol
Lyl Z0-3.6°S 9/e9'L [0 20-399°C ¥182°0 - wniwoiyd|
v0-312'9 8¥00°0 $0-396'C '€2000{ wnyilieg
o v0-32v'C ¥8¥0°0| [0 ¥0-391°4 1£20°0 oSy
0 €0-390°G 68€0°0| |0~ [eoaive 98100 Auowguy i
o G0-3€Z’L 10000| |0 90-398'G £000°0 Anoseiy
0 70-392'8 ol [0 . _ wo-mvm.m mmoo.o
£0-350Z o-mmn 6 58 of - jousyd
_ v0-36¥'L £990°0 ¥0-385°C 9100 suRUBLBYJ
0 co-3rLL 08200} |0 v0-3EY'S €eL00 suaion|4
: X m:m_m_.ucamz

Aiojelojdx3 J19)ep\ MOjleys
W09 - suoljes;usduoY Jueln|jod 193eM ai0d

Jesopad Jo  |sierow 001 w oL v eleuD [edepad |()/Bw) siejow}  w oo | mEmz.Ea:__o o
soouepaaox3y | Iv ouo) |'ouo) juswipeg| |jo s3ouepsadX3 | 001 IV U0 *2U09) JUBWIPSS .
uwnjo) Jajepp |1eiepy alod|] - uelnjjod | uwnjo) Jojepr | JeJepr @a0d | juesnjjod

N v . - N N v -
aujjeseg . .eulesey

juowdojeAaq JOJEM MOJJBYS -

Woo - mco_amb:oocoo juejnjod Jo3eM 310d

EPA COOK INKPR 005812

A-16



_|eo-3ss9

Je0356C

61860

0 €0-310'6 go6Le| o [eoasov uZ
000 €0-3LL) L€10°0| [oo0 ¥0-369°L 65000 wnyieyl
000 v0-3/6'6 12000| |o00 T lvo-38vy #£00°0 LS
0 - €0-3.6°L 12L00| . [0 ¥0-350°2 ¥500°0 wnusies
00'0 €0-39€'9 e.vL0| o €0-398'2 £ 69900} [O%OIN
000 €0-369°L . gygeol o - Jeo-39v'e 6clL’0 pealf
0 feo-362'L 6¥020| |0 ¥0-308'S 12600 ~ JeddoQ
6L 20-3v6'8 £6292| [oo0 Z0-320'V Gzal'l wnwoyD |-
v0-3.6'6 22000 y0-38Y v €000 wnijkieg
0 $0-368°C 82100 =7 - 0SE0°0} ouesly
0 €0-321°8 ¥290°0 €0-369'C 18200 Auowuy|
0 “feoazeL 11000 1903 6000 Anosepy
0 £0-3¢€°) L0 wniwpey
£0-382°¢ 0 €038 | _
€0-302°L sooro] | v0-3L¥'S 64700 895%%&
0 €0-3£84 6v7700| [0 ¥0-322'8 20200 sualonj4
: : mcm_msc%z

INOD - SsuoieIULOUOY JuEIN||Od J8jeM 210d

TeloJdD _ : T BLIRJD.
jesopagjo  |(/Bw) siejowr] - w Q0L IV [elepad jo sJojaui 0oL w o0l W mEm.z JuEnjod
$30UBPaadXy 001 IV "OuUO0D |*Ouo) JUsWIPag seouepaadxy | v ouoc) |ouo) jusumpss | St
uwnjo) Jojep | Jojep aiod Juejnjjod uwinjo) Jajeps | J9Jeps alod Juenjjod
aujjoseq auneseg
Kiojelojdxg Jajep deeq ucoan_gmn_ Joyep deeq

_>_00 mco_um._u:oocoo Eﬂ::om JoJepA @dod

EPA COOK INKPR 005813

A-1.7'



Suz7]

6020

EPA COOK INKPR 005814

0 ﬁmo-mom.r 629V 0 70390 6 | i -
0 ¥0-309°¢ 82000 03¢’} €000} ‘wnpeyly. o
0 ¥0-30L°C 91000 ¥0-300°) - 80000 S JeAis| .
0 y0-30€C 52000 ¥0-38G°L - 2000 wniusies
0 _mo-m.vm._. cLe0o ¥0-30¥°9 6¥1L00 SN
0 €0-J29’L 01800 Y0-3€L°L 28€00 peelp
0 y0-3CLC cer00 ¥0-30€°L 90200 JeddoD
0 20-388°L LPSS0 £0-366'8 yv9C0 WnILOYD
70-30L°C 91000 ¥0-300°) 80000 wnyliog
0 G0-302'8 ¥910°0| G0-316°€ 8/00°0 Oluesty
0 €0-3LL') celoo ¥0-391°8 €9000| >:0Emu.._< i
0 ‘ 00-391L°Y 2000701 . |e0-386°L 10000 Anoiepy
0 ¥0-36.°C ’ : vo-mmm.v E:_EUNO x -
- I P R SR SO e <
0 jvy0-326°'9 10000 0 g.mOm € 00000 o ||
Y0-3ySC ¥¢e00 ¥0-31¢’L 10100 - Busnpueusyd
0 ¥0-368°€ §600°0 0 SR V= 12 S¥00°0 , suasonid

_{r0659 SUSIELAUAEN

“elol)

boam._o_nxm JoJepM mojleys

_zow m:o_umbcoocoo juelnjiod Jajepp alod

[esapad jo | sisjow o) |(BryBu) w ool IV jeispedso  |WBw) simew| wooLw uEmz_ g, n_. .
SIVUBPOIX] IV 'oU0D | "oU0D Judwipag saouepsdaxy . | 00) IV "OU0) | OuUoD Jusupes .
uwnjo) Jajepp | 193\ 9Jod juenjjod uwnjoy) Jajeps | 193 910d juejnjjod .

| uondo Lve 1 uopdo Lva

EmE..._o_g&o JOJeAA MOJIEYS
OO - SUOREHUSIUOD JUEIN||Od JOJEM 910d



e

17050

€03l 1L
70-3.0'%
¥0-381°9
£0-3¢¢'C

€veeo

89000

00000
9100

0 €0-3€0°1L gigzol Jo [coaz¢elL uz
0o ¥0-381°G ¥v000| |0 $0-309°2 02000 wnyfey i
'loo0 v0-3.¢°¢ gzooo| o : ¥0-325°} 21000 JoAIS
0 v0-30€°G 1v000| o - ¥0-38€C 8L00°0 wnuejeg|
0 €0-361°C 00s00} Jo jp0-389°6 §220'0 [SNOIN
0 €0-309'C toeLo] o Jeo-32L 68500 - peet
0 vo-aev £6900| |0 $0-396°L 21e0°0| Jeddod
0 20-320°C 16880| o 20-39¢°1L LOOY 0 wniuwoyy

$0-3.€'€ 9200'0 ¥0-325"1 Z1000 wnlteg
0 v0-32¢°} e9z00{ |o _ G0-326°S gLi00} ojuesiv|
0 €0-362°C Leoo}l o [eo-aveL S600°0 Auowiguy
0 90-329°9 $000°0| [0 90-300°€ 2000°0| Anosepy
0 L¥00°0 20" 81000

susluUBURYd
© suasonj4
m:m._mﬁﬁ.mz

gty St

OO - SUOIIRIJUSIUOY JuUR}N||Od JOJBA 810d

OO - SUOIE]UBIUOD JUEINjjO4 JBJBM i0d.

/B BUSD .
[eJopad jo  [siejow g0l w ool W [eJopaj jo  Isisjew 0L w ool IV
soouepesdxy | Iy "ouon |'ouo) juswipes soouepeadxy | v "ouo) . |'ouo) Juswipss wEmz ugniiod
uwinjoy Jajepp |1alepn asod juenjjod uwnjo?) Jajep j1ojeps aiod uenjjod 4
'} uopdo Lve '} uondo Lva
Aiojesoldx3 se3eps deeq swdojoaa( 19)eps deag

EPA COOK INKPR 005815

A-19



[P0 25 e

bO3LED
v0-3EEC
Y0-3arSe

1e03c )

T o
{

e e S I e

~1€020

€031 9gzvo| o v0-3€€'S Uz
¥0-3LE'E 52000} {0 0-385') 21000 wnyjeyl
¥0-386'). 51000| o 0-322°6 20000 Nis)
Y0-3P0°E £200°0| [0 ¥0-351') 11000 wniueies
lco-3ez'L 18200| fo ¥0-388'S L£100 1IN
€0-36v'L sv200| |0 o3z 95£0°0 pes|.
¥0-305°C 16£00| o ¥0-361°1 6810°0 soddogy
20-38L) s6050| fo £0-3/2'8 LEVZ0 WnoYO
v0-386' 51000 60-322'6 20000} wnylieg
S0-3vS'L 15100 o |s0-300°¢ z2000 ojuessy
lco-azst 1z100| o v0-31GL 85000 Auowguy
90-328'E zoooo| o 90-328') 10000 fanosey

o] fo 1100'0) - wnwpeo|

jousUd
|~ suanjueusyd
sualon|
ausjetpydeN

juswdojoraq Jojep Mojjeys
WOD- SUOHELUBdLOY JUEIN||Od JOJeM 9.10d

BLRJID _
fesopag jo  |(i/Bw) ssejew|  w ook IV [eepad jo  |(yBuw) suejowr] Wi Q0L IV  oweN wEINjod
saouepaadxy |00l v "ou0) |ouo) juswipag $90UBpaddXgy |00} IV "OUOY | -SU0Y JuSWIPSS : ) e
uwnjo) Jajepp | Jo1ep alod juenjjod . uwnjo) Jajepn | Jozem alod jenjjod
Z uondo Lve .g uopdo Lve

juswdojans( JojeM Mojjeys |

WNOoo - ,mco_um._u:oucoow:mu:__om Jajep) adod

EPA COOK INKPR 005816

‘A-20



RLOIID.

Je03r0C

N_._wu_._o

leo-308°¢ ¥£89'0] [0 G0-3¥9°9 29100 auz|
v0-32€°S 1p000} |0 GO-3vy' L 90000 - winyey
00 ¥0-30L°¢ ¥zoool o GO-IVEV £000°0 o JeAIS
¥0-318'¥ Lg000| o G0-328°9 S000°0 wnuses
€0-386'1 09v00| [0 v0-31.°C ¥900°0 [SXOIN
€0-36€C 96LL0{ |0 ¥0-35€°¢ 19100 pes
¥0-320'V 2£900| |o G0-329°S 68000 - JeddoD
20-382°C ogigo| o €0-369'E SYLL0 Wniwoiyo
¥0-301°€ ¥200°0 GO-IPE ¥ €000°0 wnyhieg
0. o312 zvzool o G0-369°'L ¥£00°0 - owesiy|
0 €0-3€5°2 ¥6L00{ |0 |ro-3ese 12000 . Auowguy
0 90-3€1°9 €0000| |o 20-385°8 00000 Ainosepy
0 _ 032y 1£000{ [o : mo-m_t.m S000°0 wniwpes
0 . S-mmo b Lo000] [o S-umv } 00000 ~Jousugd
_ v0-3Y.'€ 1€€0°0 ¥0-389°) 67100 suaiueusyd|
0 ¥0-389°G ovioo| o ¥0-396°C £900°0 sueony
GL10'0 susjelpydeN

INOD - SuOREUSOUOD JUEIN||O JOJEM 10d

lesapad jo  |(yBu) ss30w fuwi 0oL 3 "0u0D lesopadjo |(y/Bw) sseew | - w ool IV U—
sa0uUepaddxgy |00} IV "ouU0) uswIpas seouepeadx3y |00l IV "ouo) | "ouo) juswipsg ST
uwnjod jsjeps | J19jep alod juenjod uwnjo) Jojepp | J9Jep 910d juelnjjod
Z uopdo Lve Z uopdo ivs
Aiojelojdxg 1o3ep deag ucmEno_gma Jojep dooq

INOD - SUCHE}USOUOD JUEIN||Od JOJeM 8i0d

EPA COOK INKPR 005817

A21



APPENDIX 4-5

| COOK INLET, ALASKA
SEDIMENT PORE WATER QUALITY ANALYSIS

A2

EPA_COOK_INKPR 005818



- splepueyg
oIS MY
JO seouepesdxy "

el [elopag
0O saduepasdxy

(yBw) sieyoW

00l v duog
JOJeM dd0d

*2U09) JUSWIPIS

00000 ooooo] - ourz
00000 00000 wnieyt
00000 0000°0 JeNIS
: 00000 wniusjeg
00000 [O%OIN

0000'0 pee

0000'0 Jeddon

00000 winNIWoiyo

00000 wnyilieg

00000 Jlussly

0" Auowiguy

EsmEvm
lousUd|
sualyjuBUSyd
sualonj4

w QoL IV . owEN WENOd

Ainosey

uwnjo) Jajepn

uwin|o) Jajepy

juenjjod
(eBaeyosip oiez) sujoseg

juswidojoAa JOJEM MOJBYS
WMV - SuopesusIu0) JUEIN|jod JaJBM a10d

EPA COOK INKPR 005819

A-23



I .,,%..mmm._rs

c0-3Li’L
Y0-3ve’lL
G0-3E8Y
€0-310'}
90-3S1°C

{ro-gevs

v0-3/2¢C

_froavie

‘ JuZ
wnijeyl
JoNiS
wnjuses
eXOIN

" pes
-Jeddon
WNIWOYO
wniplieg

. OlUesIV|
. Auownuy|

m:m.._.ucmcw.._n_
suaJonjy

susjetpudeN

mv._mu:mum _ R S
eI WY eu9)u) [esepay | (I/Bw) siejew w 00} W  olueN JuEmod
)| Jo seouepasoxg | o seouepasoxzy | 00L IV "du0) | "duo) juswipss | o :
uwinjo?)- Jejepr uwnjo?) Jojepy | J93epA 2iod juenjjod
g uondo Lvg

u:oEno_m>on JoJeM mojeys

MV - SUOiEUSIUOY JueN||od JAJBM 8Jod

EPA COOK INKPR 005820

A-24



o3¢zt

¥0-31£Z
¥0-36€°L
¥0-321°2
¥0-365°8
€0-3v0°
yO-3pL'L
203121
v0-35€°L
50-352'S
€0-301°}
90-399°Z

¥0-3€9°}

Wo3iv'e
_______[v0-3S88

19620
81000
01000

00200
61500
11200
1GGE0
01000
S0i00
¥800°0
10000
9100°

00000
Y100
19000

] LLL00)

91000|

.ouiZ
wnijleyl

o JeNis
wniusies
[EIN
pee
Jaddon
wnjwoiy)
‘wnylieg
oluasly
Auowguy
Anose|y

wniwpen

, _o:mmM
sualyueusyd
auaIoNn4

Splepuelg T _
aeis My | eusju) esspad | (I/Bw) sisjelu aweN juejnjjod
| J0 saduURpaRIXT | JO SOOUBRPSIIXT | 001 IV "ouU0) { "ou0H JuswiIpss haant. . !
uwnjo JajeM | uwnjo) Jajem | I9jem dJod uejnjjod .
| } uopdo Lve

EmE..._o_gmn_ Jo)epA Mojjeys

MV - SUORE]USOUOY JUEIN||Od J8JEM 80d

EPA COOK INKPR 005821

A-25



APPENDIX 4-6

: OFFSHORE CALIFORNIA , |
SEDIMENT PORE WATER QUALITY ANALYSIS

A26: '

EPA_COOK_INKPR 005822



eua)ysy _

|elopad jo (1/6w) siepW
saouepaadxy | 001 Iy "ouoH
uwnjo) Jajepp | Jsyep auod

0000°0]

00000
00000
00000
00000
0000'0
00000
00000
00000
0000°0
00000
00000

00000

w 0o} W
"9U0Q JuBWIPog

jueinjjod -

00000

EPA COOK INKPR 005823

uZ
00000 0000°0] . wnijey
00000 00000 JeAIS
0000°0 00000 wniusies
00000 00000 [S%OIN
00000 0000°0 pesy
: - 00000 JeddoD
00000 wniwoy)

00000 ~wniilieg

00000 ojuesly

0000°0 Auownuy

A-27

jousyd
suallpueusyd

auaonid
susferpydeN

¥
5

0000°0{
00000
00000

ST

. . D o] 11) B
[esopog jo  |(/Bw) sisjow |  woolIv - .
seouepssoxy | 0ol 3v ouon |*ouos Jusuipasg SWIEN JuENliod

(eBaieyosip oiez) suljeseg
juswdojaaaq 19jepy dosQ
. YO - SUOREIIUIIUOY JueINjjOd JOJep aJ0d

uwnjo) Jojepa | Jolep alod juenjjod -
(eBieyosip o1az) auijoseg

jusuwidojeAs( JOJEM MOjjEYS

VO - SUOIRJIUSIUOY) JUEIN||O JSJBAA 310d



m_uwu_ho

o €0-318'L 06¥v'0| [0 leo3zz L . 1962°0f ouiz
0 v0-36v'€ Lzooo| |o v0-3LET 81000 wnyey )
0 v0-310°C. 9L000| [0 y0-3G€°) 01000 oM
0 ¥0-302°€ . g2000[ o v0-32LC 91000 wniusies
0 €0-30€'L - . Toeoo| o v0-365°8 100200 [N
0 €0-3.8°L - 98.00| [0 [0-3¥0'L 61500 pesT
0 v0-3v9°Z 61v00| [0 vO-avL'l 1200 JeddoD
0 20-3¢€8'L v2€5°0[ {0 z0-31z’) 1SSE0 wniwoiyy
y0-30°C. 91000 . v0-36€°L 0L000| wnjilieg

0 S0-356°L 651L00[ [0 S0-35T'S S0L0°0 ojussly
o €0-399'} 8zL00{ |0 feo-301°L ¥800°0| Auowguy
0 90-3€0'y zoooo| o 90-399°2 < 10000 Anase
o y0-312°2 . . 91000 - Wniwpeg|
v0-3€9°'L 77100 aualuBLBY

0 0312 19000 suaion|

. ] mcm_mﬁc%z

juswdojana( J9jep dasg

V9 - SUOIIEIJUIIUOY) JURIN||Od 19JBAA B10d

BLISJUD
[esopad jo si930Ww w 001 IV |esopad jo. sisjow w 0ol u< i
$aJuepasdxy 001 3V "2uo0) | "ouoy) JUBWIPSS s99UBP9aIXT - [00L IV “2U0) |"2U0) JUSUHPIS SWiEN fﬂ::o@
uwnjo? JojeM | J9jem a10d juejnjiod uwinjo?) 19jep | JajepA alod juelnjjod '
} uondo 1vd } uondo 1vg

ucmEnowgmn_ JoJeM| MojjeyS

vo- m:o_uﬂucmo:oo wcmu...__om J9JepA dod

EPA COOK INKPR 005824

A-28



[ S TS e |

CIETG)

S03SLL

0B}
¥0-39¢°C

Jpo-3eve

50000

TR

A o

o3erL

82.2°0

51000

‘leo-369°1 gzivol o [eo-3eL 4
G0-366'6 80000 [0 v0-J2LC 81000 wngeyt
G0-3€8'S ¥0000f {0 vo-3veL 01000 oIS
G0-391'6 2,0000{ [0 v0-3G6°L - GL000 wnusies
Wwo-32L°¢ 98000{ [0 ¥0-306'L #8100 JONOIN
¥0-30G°Y gzzool. |0 ¥0-365°6 8.¥0°0 . peeT
G0-35G°L oziloof o ¥0-309°'L ¥520°0 Jeddo)
€0-3€T°S Lesiof - fo 20311 . gozeo| WNiWIoIyO
G0-3€8'S #0000 vO-3veL -0L00°0 wnjjlieg
60-3.2C Sv000| |0 G0-3¢8Y 160070 ojuesIy
Y0-3SL°Y /£000| [0 €0-310°L 82000 Auowpuy |
90-3G1°L L0000| [0 0-35¥'2 L000°0| Ainoseiy

0 : wniwpen|-

JousUd
susiyjuBUSYY
sueionj-

juawdojeaaq Jajep deaQ
VO - suoljeljusduod juejnjjod Jojem aiod

|esopa Jo siojow - w QoL W |eJopad jo Jojow woeoLv _
SIJURPIIXT 001 J¥ '2U0H{ "duoh Jjusulipss mmo:m—uwmu..xm 00l Iy "Juod gelllerg] ucm_.:_.—uww SlEN u:m.u::On_
uwnjoy) Jajepn | Jo)epp alod uemjiod uwmnjo) Jajepp | 1ejepp alod jenjod
g uondo 1vd Z uondo Lvg

juowdojoAsq Jojem Mmojeys

W9 - SUOREJUISOUOD JuBNjjod JojeM Bi0d

CA-29

EPA COOK INKPR 005825



~ APPENDIX 4-7

o GULF OF MEXICO
SEDIMENT GUIDELINES ANALYSIS |

A-30

EPA_COOK_INKPR 005826



Sediment Guidelines Analysis - GOM

1Sum =

Baseline
Pore Water FCV Ratio of
Metal Conc. At 100 m (ugll) Conc./FCV

Shallow Water Development Model Well ' .
Cadmium ' 3.94E-01 9.3 4.24E-02
Copper 3.84E-01 3.1 1.24E-01

- |lead . - 2.29E+00 8.1 2.82E-01
Nickel ] ‘ 1.89E+00 8.2 2.31E-01
Zinc , . 2.68E+00 81 3.30E-02
Sum = - : 7.12E-01
Shallow Water Exploratory Model Well , .
|Cadmium ' 8.26E-01 9.3 8.88E-02

“[Copper —]8.04E-01. 3.1 ~2.59E-01
Lead - 14.79E+00 - 8.1 - 5.91E-01
Nickel - 3.96E+00 8.2 4.83E-01
Zinc S . 15.61E+00 81| " 6.92E-02}
Sum = ' . ' ' 1.49E+00
Deep Water Development Model Well . ' '
Cadmium 5.96E-01 9.3 6.41E-02
Copper _ ~ .}5.80E-01 3.1 1.87E-01

.{Lead B L 3.46E+00 8.1 4.27E-01
Nickel = - - 2.86E+00 8.2 3.49E-01
Zinc ' - 4.05E+00 81 5.00E-02
Sum'= : . ' 1.08E+00
Deep Water Exploratory Model Well . '
Cadmium 1.33E+00 9.3 1.43E-01
Copper - [1.29E+00 - 3.1 4.16E-01
Lead - ]7.69E+00 8.1 9.49E-01
Nickel - " |6.36E+00 8.2 7.76E-01]

lZinc - 19.01E+00 81 ~1.11E-01

2.40E+00
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Sediment Guidelines Analysis - GOM
BAT Option 1

A-32

Metal Pore Water - FCV Ratio of
' |Conc. At 100 m (ug/l) Conc./FCV
_ |Shallow Water Development Model Well ) ,

" |Cadmium 1.33E-01 9.3 1.43E-02
Copper , 1.30E-01 3.1 4.19E-02
|Lead ' - }7.73E-01 8.1 9.55E-02
INickel - 6.40E-01 8.2 7.80E-02
Zinc ' 9.06E-01 81 1.12E-02
Sum = ‘ 2.41E-01
Shallow Water Exploratory Model Well .

[Cadmium _ 3.79E-01 9.3 3.00E-02|
Copper ) . |2.72E-01 311 8.77E-02
Lead . : 1.62E+00 8.1 2.00E-01
Nickel . 1.34E+00 8.2 1.63E-01
Zinc ' - 1. 90E+OO - 81 2.34E-02
Sum = 5.05E-01

|\Deep Water Development Model Well
Cadmium .~ , 2.02E-01 9.3 2.17E-02
Copper ' 1.96E-01 3.1 6.34E-02(

|Lead - _ |1.17E+00 8.1 1.44E-01}
Nickel - : B 9.68E-01 . 8.2 1.18E-01.
Zinc : 1.37E+00 81 1.69E-02
Sum = ' ' - 3.64E-01

|Deep Water Exploratory Model Well L

|Cadmium . , 4.49E-01 9.3} . 4.82E-02
Copper. o - 14.37E-01 3.1 - 1.41E-01
Lead ‘ ' . 2.60E+00 8.1 3.21E-01
Nickel ' . J2.15E+00 . 8.2 2.62E-01

- {Zinc o ' . . }J1.03E+00 - 81 1.27E-02
. |Sum = ' s B ' 7.86E-01|

EPA_COOK_INKPR 005828



Sediment Guidelines Analysis - GOM

BAT Option 2
Metal . Pore Water FCV Ratio of
Conc. At 100 m (ugl) Conc./FCV
(ugh)
Shallow Water Development Model Well -
1Cadmium . 1.23E-01 . . 9.3 1.32E-02
{Copper §1.19E-01 - 3.1 3.85E-02
{Lead o - 7. 1E-01 8.1| 8.78E-02
INickel 5.88E-01 - 8.2 - 7.17E-02
|Zinc : ' 8.33E-01 81 1.03E-02
Sum = '2.21E-01
* |Shallow Water Explorato:y Model Well
Cadmium - ’ ] 257E-01 ’ 9.3 2.76E-02
|Copper - |2.50E-01 3.1 8.07E-02
|Lead ) o - ]1.49E+00 8.1 1.84E-01
Nickel : 1.23E+00 8.2 1.50E-01
Zinc L 1.75E+00 - 81 2.15E-02
Sum = s 4.64E-01
|Deep Water Development Model Well . N
~ |Cadmium -15.77E-02 9.3 6.21E-03]
|Copper . - |5.62E-02 . 3.1 ~ 1.81E-02
-|Lead ‘ 3.35E-01 -~ 8.1 4.13E-02
INicke! - |a.77E-01 - 8.2 3.38E-02
Zinc - : 16.64E-02 81] . 8.20E-04}
Sum = ” . ' 4.00E-01
Deep Water Exploratory Model Well - ‘
“|Cadmium ‘|4.12E-01 9.3 4.43E-02
- |Copper 4.02E-01 3.1 1.30E-01
|Lead 2.39E+00 8.1 2.95E-01
|Nickel T 1.98E+00 8.2 241E-01
Zinc . . . 3 2.80E+00 81 3.46E-02
 |Sum= - S IS : 7.45E-01]
A-33
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Sediment Guidelines Analysis - AK

Baseline (Zero Discharge)

- A-35

Metal Pore Water FCV Ratio of
Conc. At 100 m (ugfl) Conc./[FCV
(ugft)
" IShallow Water Development Model Well '
Cadmium - .0.00E+00 9.3 0.00E+00
Copper 0.00E+00 . 3.1 0.00E+00
Lead 0.00E+00 8.1 "0.00E+00]
Nickel 0.00E+00 8.2y 0.00E+00
Zinc 0.00E+00] . 81 0.00E+00
Sum = 0.00E+00
" Sediment Guidelines Analysis - AK
BAT Option 1
Metal Pore Water FCV -Ratio of
' Conc. At 100 m (ught) Conc./FCV
. (ugh) -
Shallow Water Development Model Well
Cadmium 1.79E-01 9.3 1.93E-02]
Copper 1.74E-01 - 3.1 5.62E-02
Lead - 1.04E+00 8.1 - 1.28E-01
Nickel 8.59E-01 8.2] _ 1.05E-01
Zinc - [1.22E+00 . 81 1.50E-02]
Sum = - 3.23E-01
* Sediment Guidelines Analysis - AK
BAT Option 2
Metal Pore Water FCV Ratio of
1Conc. At 100 m (ugll) Conc./FEV
(ugh) ~
Shallow Water Development Model Well . - _

- [Cadmium o 1.65E-01 9.3] . - 1.77E-02
{Copper 1.60E-01 3.1 . 5A7TE-02]
{Lead '§9.55E-01 - 8.1 - 1.18E-01] -
Nickel 7.90E-01 . 8.2 9.63E-02].
Silver 1.24E-01 81 o
Zinc: 1.12E+00 1.38E-02]
Sum = e 2.97E-01
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.Sediment Guidelines Analysis - CA

Baseline (Zero Discharge)

Pore Water

Ratio of

Metal FCV
Conc. At 100 m (ugf) Conc./FCV
. __(ug/l)
“|Shallow Water Development Model Well :
|Cadmium ~ 0.00E+00 9.3 0.00E+00
Copper 0.00E+00 3.1 0.00E+00]
JLead - 0.00E+00 8.1 0.00E+00
|Nickel 0.00E+00 8.2 0.00E+00]
Zinc 0.00E+00 81 0.00E+00
Sum= : . ’ 0.00E+00
Deep Water Development Model Well o
Cadmium 0.00E+00 9.3 0.00E+00
Copper 0.00E+00 - 3.1 0.00E+00
Lead _0.00E+00 8.1 0.00E+00} -
- |Nickel 0.00E+00} 8.2 0.00E+00
Zinc 0.00E+00 81 0.00E+00
Sum = ' 0.00E+00
A-37
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Sediment Guidelines Analysis - CA

BAT Option 1
Metal Pore Water FCV Ratio of
Conc. At 100 m {ugh) Conc./FCV.
, B (ugft) .
Shallow Water Development Model Well
- |Cadmium 17901 -~ ' 9.3] .~ 1.93E-02
{Copper 1.74E-01 R - 3.1 5.62E-02
|Lead B - 1.04E+00 8.1} = 1.28E-01
Nickel . |8.59E-01 _ ' 8.2 1.05E-01
Zinc o 1.22E+00 81 1.50E-02
Sum = v ' . ' 3.23E-01
Deep Water Development Model Well - ’
Cadmium ; 2.71E-01 9.3 2.91E-02
Copper . ' 2.64E-01 : 3.1 8.51E-02
Lead ‘ 1.57E+00 B 8.1 1.94E-01
Nickel , - 1.30E+00 . 8.2} 1.59E-01
Zinc ' ' 1.84E+00 ' 81 2.27E-02].
Suin = ' . | . 4.90E-01

Sediment Guidelines Analysis - CA

- BAT Option 2
Metal Pore Water |  FCV | Ratio of
: Conc. At 100 m (ugll) .| Conc./FCV
, : (ugl) 5
Shallow Water Development Model Well : , '
Cadmium _ 1.65E-01 . ) . 9.3 1.77E-02
Copper ‘ 1.60E-01_ 3.1 5.17E-02
|Lead u 9.55E-01 : 8.1 1.18E-01
Nickel 7.90E-01 | 82| . 9.63E-02|
. 1Silver v 1.24E-01 - 81 ;
“{Zinc - ‘ B 1.12E+00 . 1.38E-02]
Sum = N S : R 2,97E-01
|Deep Water Development Model Well D N 9.3 o
Cadmium L "~ 17.75E-02 : 3.1 8.33E-03
.. -|Copper I B - |7.55E-02 S - 8.1 2.43E-02]
. JLead ) 4 ~ }4.50E-01 o . 8.2 5.55E-02
Nickel ‘ —|3.72E-01 81| 4.53E-02]
Siiver - - o 5.83E-02 ) ) ‘
Zinc — T.60E+00 — | 200E:02
Sum = o X 1.54E-01
“A-38 .
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Recreational Finfish Tissue Pollutant Concentrations - CA

Baseline (Zero Discharge) |

Polluant Nam

Naphthalene
Fluorene
Phenanthrene
|Phenol

Cadmium
Mercury
Antimony .
Arsenic
Berylium
Chromium
Copper
Lead
Nickel
-|Selenium
Silver
Thallium
Zinc

Aluminum -

Average Conc.
Of Pollutants

in Model SBF.
Well Effluent

Ambient
Bioavailable | Average
Conc. In Exposure | Fish Tissue
Plume Conc. - | Concentration

(mg/)

0.00E+00
0.00E+00
0.00E+00
~0.00E+00|

" 0.00E+00]

~ 0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
~ 0.00E+00
0.00E+00
0.00E+00|-
0.00E+00
___0.00E+00

g 0:00E100

(mg/l) | - (mglkg)

0.00E+00§} 0.00E+00
0.00E+00 0.00E+00
0.00E+00 0.00E+00
0.00E+00 - 0.00E+00
0.00E+00 0.00E+00
0.00E+00| 0.00E+00
0.00E+00] 0.00E+00
0.00E+00 ~0.00E+00
0.00E+00 0.00E+00
0.00E+00 0.00E+00;
0.00E+00 0.00E+00
0.00E+00 -0.00E+00
0.00E+00 0.00E+00|
0.00E+00 0.00E+00
0.00E+00 0.00E-+00] .
0.00E+00 0.00E+00

Barium 0.0000 0.00E+00 0.00E+00

fron 0.0000 0.00E+00 0.00E+00

Tin' 0.0000 0.00E+00 0.00E+00

Titanium 0.0000 0.00E+00| . 0.00E+00
A-40 -
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'Recreational Finfish Health Risks - CA
Baseline (Zero Discharge)

'99th Lifetime Lifetime
_ 99th | Percentile Excess Excess
Fish Tissue | Percentile | Hazard | Cancer Risk | Cancer Risk
[ Concentration| Intake Quotient (30.yr (70 yr

_(mg/kg)

. Pollutant Name ._ (glkg-day) (mglkg-ay Expsur) ] xposr)
.|Fluorene v 0.00E+00 ] 0.00E+00 0.00E+00
|Phenanthrene 0.00E+00. 0.00E+00 )

[0.00E+00 | 0.00E+00

[

_0.00E+00]

Cadmium . 0.00E+00 0.00E+00 0.00E+00
|Mercury v 0.00E+00 | 0.00E+00 0.00E+00
Antimony 0.00E+00° 0.00E+00 0.00E+00 :
Arsenic : 0.00E+00 . -| 0.00E+00 0.00E+00] - 0.00E+00 0.00E+00
Berylium 0.00E+00 | 0.00E+00] . v :
-~ |Chromium _ : 0.00E+00 0.00E+00|  0.00E+00
" |Copper ' 0.00E+00 0.00E+00
Lead a : . |0.00E+00 0.00E+00
Nickel : - |0.00E+00 0.00E+00 0.00E+00
Selenium - ' 0.00E+00° .| ~0.00E+00 0.00E+00
- |Silver -10.00E+00 0.00E+00 0.00E+00
| Thallium 0.00E+00 0.00E+00 0.00E+00 v
___10.00E+00- | 0.00E+00| _000E+00l

. |0.00E+00 | 0.00E+00 ,

Barium . ' . 0.00E+00

Iron i . - .

Tin

- | Titanium™

A4l
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Recreational Finfish Tissue Pdllutant Concentrations - CA
BAT Option 1 :

Average

Conc. Of - Ambient
Pollutants in | Bioavailable Average
" Model SBF Conc. In Exposure Fish Tissue
Well Effluent Plume - Conc. Concentration

(mgl)

Pollutant Name | (mg/) | _(mall)

|Naphthalene - 10.4987 7.30E-05 -3.06E-07 '1.30E-04
Fluorene : 0.2720 3.98E-05 1.67E-07 5.00E-06
Phenanthrene © ]0.6451 9.44E-05 3.95E-07 - 1.04E-03
‘{Phenol 0.0018 - 2.57E-07| 1.08E-09] _ 1.51E-09
Cadmium . . 10.0730 1.18E-06 4.92E-09 . 3.16E-07
Mercury - © 10.0066 1.75E-08 7.32E-11 4.03E-07
Antimony ' 0.3783 ‘ -7.20E-06 3.02E-08 3.02E-08}
‘|Arsenic. o - |o.4712 . ' 3.45E-07 1.44E-09 6.36E-08
Berylium . 10.0465 8.84E-07 3.70E-09 7.04E-08|
. |Chromium : ‘ 15.9289 7.93E-05 3.32E-07| 5.31E-06
Copper ' Lo ]1.2411 1.14E-06 - 4.79E-09 1.73E-07
Lead o 2.3296 . - - 6.82E-06 2.86E-08 1.40E-06
Nickel - ' . 10.8960 . 5.64E-06 2.36E-08 1.11E-06
Selenium ' 0.0730 : . 1,39E-06 5.82E-09. '2.79E-08
Silver 0.0465 : "8.84E-07 3.70E-09 1.85E-09
Thallium . 10.0796 1.52E-06 -~ 6.35E-09 7.36E-07.

13.3072 | - 7.99E-06 _3.34E-08

1.57E-06

Aluminum 601.9718 . 8.81E-02 3.69E-04 8.52E-02
- |Barium - - 10.0730 ~ 1.07E-05 4.48E-08 '

Iron - 11018.4055 1.49E-01 6.24E-04

Tin : ~ lo.9690 1.42E-04| = 5.94E-07
|Titanium . . |58074 '8.50E-04 - 3.56E-06]

A2
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Recreational Finfish Health Risks - CA
BAT Option 1

99th Lifetime Lifetime
. 99th Percentile Excess Excess
Fish Tissue | Percentile Hazard Cancer Risk | Cancer Risk
Concentration| Intake Quotient (30 yr (70 yr

Polltant Name

(mg/kg) | (mgl/kg-day) | (mg/kg-day) | Exposure) | Exposure)

CPOETERY PR O s T
Naphthalene - 1.30E-04 - 2.59E-07 1.30E-05
_ |Fluorene ~ |5.00E-06 9.96E-09| 2.49E-07

Phenanthrene ' 1.04E-03 _ 2.07E-06

Phenol 1 .51E-09 3.00E-12] 5.00E-12 n
1Cadmium 3.15E-07 _ 6.27E-10 6.27E-07
Mercury 4.03E-07 . 8.02E-10| - 2.67E-06
Antimony 3.02E-08 - 6.00E-11 1.50E-07 _
Arsenic 6.36E-08 1.26E-10( = 4.22E-07 3.61E-11 8.43E-11
Berylium : 7.04E-08 1.40E-10
‘Chromium 5.31E-06 1.06E-08 3.52E-06
Copper ' 1.73E-07 3.43E-10 '
Lead - . 1.40E-06 _ ‘2.79E-09|
Nickel : 1.11E-06 2.21E-09| . 1.10E-07
Selenium _ . |12.79E-08 . .. 5.56E-11 1.11E-08
Silver - 1.85E-09 3.68E-12 7.37E-10
Thallium ' . |7.36E-07 1.47E-09 1.83E-05

|zinc , JLOTE-06 |

: 3139

1.04E-08

1

Aluminum 8.52E-02 1.70E-04
Barium : 0.00E+00
Iron
Tin
~. | Titanium

A3
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Recreational Finfish Tissue Pollutant Concentrations -CA

Cadmium
Mercury
Antimony
Arsenic
Berylium

Copper
Lead .
Nickel
Selenium
Silver
Thallium
Zinc -

R IR Y

~[Chromium .

£ w';k,l :!’}‘

0.0696 1.12E-06
0.0063 1.67E-08
0.3604 6.86E-06
0.4489 3.29E-07
0.0443 - 8.42E-07
15.1752 © 7.55E-05
1.1824 -~ 1.09E-06
22194 6.50E-06
0.8536 5.37E-06
0.0696 1.32E-06
0.0443 |8.42E-07
0.0759 1.44E-06
|12.6776 7.61E-06

6.98E-11
2.87E-08
1.38E-09
*3.53E-09

3.16E-07|

4.57E-09
2.72E-08
2.25E-08
5.54E-09
3.53E-09
6.05E-09

3.19E-08|

BAT Option 2
Average Conc. -
Of Pollutants in Ambient Average
Model SBF Well || Bioavailable Exposure | Fish Tissue
Effluent | Conc.InPlume | Conc. | Concentration
Pollutant Name (mg/l) (mgfl) (mgfl) | (mglkg)
ittt il | ' . R LT
Naphthalene 0.4750 6.95E-05| 2.91E-07| 1.24E-04
Fluorene 0.2591 3.79e-05| 1.59E-07 4.76E-06
. {Phenanthrene - 0.6145 © 9.00E-05| 3.77E-07| . 9.91E-04
{Phenol 0.0017 2.45E-07] 1.02E-09{ 1.43E-09|

3.00E-07
3.84E-07
2.87E-08|
6.05E-08
6.70E-08
5.06E-06
1.64E-07
1.33E-06
1.06E-06
2.66E-08
1.76E-09
7.01E-07

1.50E-06 |-

Aluminum 573.4885 8.40E-02| 3.52E-04|  8.12E-02
Barium 37179.1542 5.44E+00| 2.28E-02|
iron - 970.2178 - 1.42E-01|  5.95E-04
Tin 0.9232 1.35E-04| 5.66E-07
| Titanium 5.5326 - 8.10E-04| 3.39E-06
A-44-
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Recreational Finfish Health Risks - CA

- BAT Option 2

Pollutant Name

Phenol
Cadmium
Mercury
- | Antimony
Arsenic
_ |Berylium
Chromium
Copper
Lead
Nickel
Selenium.
Silver
Thallium
-Zinc

Aluminum
Barium

1iron

Tin
Titanium

o \\H v ﬁ‘}":x'\-;'t iy i’!'\"’rg \—\L,\ ?.‘.7-'7 “

Fish Tissue
Concentration

: (mglk

i = iicht O L
aphthalene 1.24E-04
|Fluorene - 4.76E-06
Phenanthrene 9.91E-04

|1.43E-09

3.84E-07
2.87E-08
6.05E-08
6.70E-08
5.06E-06
1:64E-07
1.33E-06

11.06E-06

2.66E-08
1.76E-09
7.01E-07
1.50E-06

(mg/kg-day)

99th
Percentile
Intake

9.48E-09
1.97E-06
_2.86E-12

‘6.97E-10
7.64E-10
5.72E-11
1.20E-10
1.33E-10

1.01E-08|

3.27E-10
2.65E-09
2.10E-09
5.29E-11
3.51E-12
1.40E-09

H
H

_2.98E-09|

162E-04]

99th -
Percentile
Hazard
Quotient

‘(mglkg-day)

2.37E-07

2.55E-06
1.43E-07
4.02E-07

3.36E-06
1.05E-07
1.06E-08

7.02E-10
1.74E-05

- 0.00E+00

4.76E-12]

Lifetime .
Excess
Cancer
- Risk
(30 yr
Exposure)

3.44E-11

9.93E-09] ‘

Lifetime
Excess
Cancer
Risk
(70 yr
Exposure)

8.03E-11

A-45
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Commercial Shrimp Tissue Pollutant Concentrations - CA
Shallow Water Development Model Well

Baseline (Zero Discharge)

- SRt

Fluorene

Cadmium
Mercury
Antimony
_ |Arsenic -
~ {Berylium
|Chromium
Copper
Lead
" [Nickel
Selenium
Silver
Thallium
Zinc

L
Aluminum
Barium
Iron

Tin -
Titanium -

Pollutant Name )

thalen ) ;0 )

Phenanthrene

_{0.00E+00

“lo.00E+00

|0.00E+00

Annual
Pollutant

Loadings (mg) |

per SWD Model
SBF Well

0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

10.00E+00
0.00E+00
0.00E+00

(O] SV

0.00E+00 .
0.00E+00
0.00E+00

_ ’mg poll’kg sed)

T

~ Poliutant
Sediment
Concentration

0.00E+00
0.00E+00

0.00E+00

0.00E+00|

0.00E+00
.0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
. 0.00E+00
0.00E+00
0,00E+00

_ 0.00E+00|

" 0.00E+00]

0.00E+00|
L 0.00E+00]

0.00E+00]

| Estimated

Pore Water

|Conc. (mg/l)|

0.00E+00
0.00E+00

0.00E-+00]

" 0.00E+00
0.00E+00
~ 0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

(mg/kg)

0.00E+00|

" 0.00E+00

"0.00E+00]_

Shrimp
Tissue
Conc.

0.00E+00|'
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00}
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00|
0.00E+00
0.00E+00|
0.00E+00|

lo.00E+00 -~

~A-46
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P

Commercial Shrimp Health Risks - CA

Shallow Water Development M
Baseline (Zero Discharge)

odel Well

Pollutant Name
e R
Naphthalene
Fluorene
|Phenanthrene -
Phenol -
by o Ui
Cadmium
Mercury
Antimony
Arsenic -

Berylium

{Chromium

{Copper

‘|Lead

Nickel

" |Selenium

Silver

Thallium

Zinc
",‘2}»;,

Aluminum
Barium
Iron

Tin
Titanium

N

0.00E+00 |

[0.00E+00 |

i
ot

10.00E+00

.|0.00E+00

-10.00E+00

10.00E+00

0.00E+00
0.00E+00

0.00E+00

0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00

0.00E+00 .

Shrimp 99th
Tissue Percentile
Conc. Intake
(mglkg)

(mgkg-day)

_0.00E+00

TSI

 0.00E+00

0.00E+00
0.00E+00

0.00E+00
'0.00E+00
0.00E+00

0.00E+00|

0.00E+00
0.00E+00
0.00E-+00

- 0.00E+00|

0.00E+00
0.00E+00
0.00E+00

0.00E+00

~ Quotient

0.00E+00|

99th
Percentile
Hazard

(mg/kg-day) |

0.00E+00

0.00E+00
0.00E+00
0.00E+00

0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00

0.00E+00] _

Lifetime
Excess

Cancer Risk

(30 yr

Exposure)

0.00E+00

Lifetime
Excess
Cancer

~ Risk

(70 yr
Exposure)

0.00E+00|

A-4T
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Commercial Shrimp Tis‘sﬁe Pollutant Concentrations - CA
Shallow Water Development Model Well .

BAT Option 1

Polltant Name

SRS

Naphthalene
~ |Fluorene
-{Phenanthrene
Phenol
HEpry
Cadmium
Mercury
Antimony
Arsenic
Berylium ~
1Chromium
{Copper:
Lead
Nickel
'|Selenium
Silver
Thallium

* {Aluminum

Bl Desis
5.42E+04
|2.96E+04

b, ks

|1.45E+06

16.55E+07

~ Annual
Pollutant. -
Loadings (mg)
per SWD Model
SBF Well

7.02E+04
1.91E+02

(

7.22E+02
4.11E+04

- 15.12E+04

5.05E+03

-1.73E+06

1.35E+05
2.53E+05
9.74E+04
7.94E+03
5.05E+03
8.66E+03

Pollutant
Sediment
Concentration

i (mg poll/kg se)

1.09E-05| 2.14E-07
' 6.19E-04| 8.79E-05
7.71E-04} 4.21E-06
7.60E-05] 1.08E-05
2.61E-02| 9.68E-04
2.03E-03| 1.40E-05
3.81E-03| 8.33E-05
1.47E-03] 6.89E-05
1.19E-04 1.70E-05
7.60E-05{ 1.08E-05
1.30E-04| 1.85E-05

8.16E-04
4.45E-04
1.06E-03
2.87E-06]

1.19E-04

_ 2.18E-02|

"~ 0.85E-01

Estimated
Pore Water
Conc.

(mg/kg)

7.10E-05
1.98E-05
1.30E-05
3.56E-05].

9.75E-05

Shrimp
Tissue
Conc.

(mglkg) |

3.33E-04
6.53E-06
3.77E-04
5.48E-07

1.01E-05
1.29E-05
9.67E-07
2.04E-06
2.26E-06
1.70E-04
5.53E-06
4.49E-05|
3.56E-05
8,96E-07
5.94E-08
2.36E-05

5.04E-05

A48

. 1.40E-01

Barium 4.24E+09 . 6.39E+01 1.46E-01

jiron 1.11E+08 1.67E+00{ 2.37E-01
Tin » 1.05E+05 , 1.69E-03|  2.25E-04|

Titanium 6.32E+05 . 9.50E-03| 1.35E-03
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Commercial Shrimp Health Risks - CA
Shallow Water Development Model Well

BAT Option 1 :

‘ Pollutant Name

Naphthalene
Fluorene
Phenanthrene
- {Phenol

sl b o de

Cadmium
Mercury
Antimony
Arsenic
Berylium
Chromium
Copper
Lead
Nickel

- |Selenium
Silver
~{Thallium

|5.48E-07

RN,

Shrimp
Tissue

Conc. -

_ (mglkg)

6.53E-06
3.77E-04

1.29E-056
9.67E-07
2.04E-06
2.26E-06

_|1.70E-04

5.53E-06
4.49E-05
3.56E-05
8.96E-07
5.94E-08
2.36E-05 .

5.04E-05

99th .
Percentile
Intake

2.98E-14
1.72E-12
2.50E-15

4.61E-14
© 5.80E-14
4.41E-15
9.20E-15
1.03E-14
7.76E-13
2.52E-14
2.05E-13
1,62E-13
4.08E-15
2.71E-16
1.08E-13
~ 2.30E-13

" 1.62E-09

| (mgl/kg-day) |

| 152E-12]

99th
Percentile
Hazard
Quotient
(mg/kg-day)

. 7.44E-13

1.96E-10
1.10E-11
3.10E-11

2.59E-10

8.11E-12
8.16E-13

*5.41E-14]

1.35E-09

! Exposure)

4.16E-15]

7.66E-13]

Lifetime Lifetime

Excess Excess

Cancer Cancer
Risk Risk
(30 yr (70 yr

2.65E-15

Exposure)

6.19E-15

Aluminum 3.55E-01 ,
Barium . 0.00E+00
Iron .
| Tin
- | Titanium
A-49
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Commercial Shrimp Tissue Pollutant Concentrations - CA
Shallow Water Development Model Well

" BAT Option 2

Pollutant Name
&v}‘.«g;\;.;::‘ﬁ Y
Naphthale
Fluorene

- |Phenanthrene
Phenol

P AR
ety B

NI
aptbeliciibn

ne

Cadmium
_ |Mercury
Antimony
|Arsenic
Berylium:
Chromium -
Copper
Lead
Nickel
Selenium -
Silver
Thallium

-| Annual Pollutant

Loadings (mg)
per SWD Model
SBF Well

2.72E+04

|6.45E+04
[1.76E+02

6.64E+02
3.78E+04
4.71E+04
4.65E+03

11.59E+06

1.24E+05.
2.33E+05
8.96E+04
7.30E+03
4.65E+03 -

- |7.96E+03
11 33E+06.

Pollutant
Sediment
Concentration

‘ -mg polilkg sd)

4.09E-04
9.71E-04

9.98E-06
5.69E-04
7.09E-04

6.99E-05] -

© . 2.40E-02
1.87E-03
3.50E-03
1.35E-03
1.10E-04
6.99E-05
1.20E-04
2.00E-02

Estimated | Shrimp
Pore Water | Tissue
Conc. Conc.

' mlkg)-

2.64E-06|

3.06E-04
6.01E-06
3.47E-04
5.04E-07

6.52E-05

1.82E-05

1.20E-05
3.27E-05|

9.29E-06
1.19E-05
8.89E-07
1.87E-06|
2.07E-06
1.57E-04
5.09E-06
4.13E-05
3.27E-05
8.23E-07
5.46E-08
2.17E-05
4.64E-05

1.32E-05

"1.96E-07
8.08E-05
3.87E-06
9.92E-06
8.90E-04

.1.28E-05
7.66E-05|
6.33E-05
1.56E-05
9.92E-06
1.70E-05
8.97E-05

L ; ] : S
Aluminum 6.02E+07- 9.06E-01 1.29E-01
Barium .13.90E+09 5.87E+01 1.35E-01
Alron 1.02E+08 1.53E+00 2.18E-01
| Tin . 9.69E+04 1.46E-03| - 2.07E-04
Titanium . |5.81E+05 . . 8.74E-03| - 1.24E-03
A-50

EPA_COOK_INKPR 005846



" Commercial Shrimp Health Risks - CA
Shallow Water Development Model Well .

BAT Option 2

Fluorene
Phenanthrene
Phenol

Cadmium
Mercury
Antimony
Arsenic
Berylium
Chromium
Copper
Lead
Nickel
Selenium
Silver
Thallium.

Aluminum
"|Barium
Iron’

Tin
Titanium

' Naphthlee i

Pollutant Name

B R R L S PR L S D Y

|5.04€-07

1.19E-05
8.89E-07
1.87E-06
2.07E-06

|1.57E-04

5.09E-06
4.13E-05
3.27E-05

-18.23E-07

5.46E-08
2.17E-05

4.64E-05 |

327E01 |

Shrimp 99th
Tissue Percentile
Conc. - Intake
(mglkg) |(mglkg-day) |
3.06E-04 1.39E-12
16.01E-06 2.74E-14|
3.47E-04 1.58E-12

__2.11E-13]

149E-08]

2.30E-15]

99th
Percentile
Hazard
Quotient

(mg/kg-day) |

6.84E-13

5.41E-14 1.80E-10
4.05E-15| -~ 1.01E-11
. 8.54E-15 2.85E-11
9.45E-15 ‘
7.14E-13 2.38E-10
2.32E-14 C
1.88E-13

1.49E-13|  7.46E-12
3.75E-15 7.51E-13|
2.49E-16 4.98E-14
9.89E-14 1.24E-09

" 0.00E+00

3.83E-15]

7.04E-13]

Lifetime

Lifetime
Excess Excess
~Cancer | Cancer
Risk Risk
(30 yr (70 yr

Exposure) |Exposure) |

2.44E-15| 5.69E-15
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“APPENDIX 5-2 -

" GULF OF MEXICO
RECREATIONAL FISHERIES
HUMAN HEALTH RISK ANALYSIS
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Recreational Finfish Tissue Pollutant Concentrations - GOM

Baseline

 |Naphthalene
Fluorene

Phenanthrene
Phenol

Cadmium
Mercury -
Antimony
Arsenic

- |Berylium
Chromium
Copper
-|Lead
Nickel
Selenium
Silver
Thallium

Pollutant Nam

Average Conc.

Of Pollutants
in Model SBF
Well Effluent

0.1024
35.1248
2.7368
51370
1.9758
0.1610
0.1024
0.1756

Ambient
Bioavailable
Conc. In
Plume

(mgll)

3.36E-05
7.96E-05

1.48E-08
6.07E-06
. 2.91E-07
| 7.46E-07
6.69E-05
9.65E-07
5.75E-06
4.76E-06
1.17E-06
7.46E-07
1.28E-06
. B.74E-06

Average , i
Exposure | Fish Tissue
Conc. | Concentration |

(mg/kg)

6.16E-05|

2.47E-07]

L (malh) |

8.80E-07

1.63E-10
'6.71E-08
3.21E-09
8.24E-09
7.39E-07
1.07E-08
6.36E-08
5.26E-08
1,29E-08
8.24E-09
1.41E-08
7.44E-08

- 3.71E-07]

2.39E-09

24TE-06

8.01E-04]  1.90E-01

2.90E-04
1.11E-05
2.31E-03
3.35E-09)]

8.96E-07
6.71E-08
1.41E-07
1.57E-07
1.18E-05|
3.84E-07|
3.11E-06

6.21E-08
4.12E-09
1.64E-06|
3.50E-06

- A-53
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.11327.4109 7.43E-02
Barium - 186055.8132 4.82E+00| 5.32E-02
fron 2245.6908 1.26E-01| 1.39E-03
Tin 12.1368 1.20E-04| 1.32E-06]
| Titanium 12.8059 7.17E-04| 7.92E-06



Recreational Finfish Health Risks - GOM
Baseline : :

Lifetime | Lifetime

_ 99th Excess Excess -
99th Percentile | Cancer :| Cancer
Fish Tissue | Percentile Hazard Risk Risk
. Concentration Intake Quotient (30 yr (70 yr
Pollutant Name ' (mg/kg) . |(mg/kg-day)| (mg/kg-day) | Exposure)

Exposure)

Naphthalene - {2.90E-04 5.77E-07 2.88E-05
Fluorene 11.11E-05 2.21E-08 5.54E-07
Phenanthrene 2.31E-03 4.61E-06 :
Phenol - _|3.35E-09 | __6.67E-12] 1.11E-11].

[Cadmium |7.018-07 | 140E-09]  1.40E-08]

Mercury . : 8.96E-07. 1.78E-09 5.95E-06

Antimony _ 6.71E-08 1.34E-10|  3.34E-07 »
Arsenic - |141E-07 - 2.81E-10 9.38E-07| 8.04E-11 1.88E-10
Berylium "~ |1.57E-07 3.12E-10 g
Chromium . |1.18E-05 2.35E-08 7.84E-06

Copper : 3.84E-07 7.64E-10|

Lead o 3.11E-06 6.20E-09

Nickel 2.47E-06 4.92E-09|  2.46E-07

Selenium - |6.21E-08 - 1.24E-10 2.47E-08

Silver ‘ 4.12E-09 8.20E-12 1.64E-09

Thallium - 1.64E-06 . 3.26E-09 4.08E-05

232808}

Titanium
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Recreational Finfish Tissue Pollutant Concentrations - GOM

BAT Option 1

utant Name
“‘ At Ry o
Naphthalene
Fluorene
Phenanthrene
Phenol

VA Ly
PR ST
NG 12

Cadmium
Mercury
JAntimony
Arsenic
Berylium
Chromium
Copper
Lead
Nickel
Selenium
Silver
Thallium
Zinc

St

Average Conc.
Of Pollutants in
Model SBF Well
Effluent

0.0465
15.9289
1.2411
2.3296 -
0.8960
0.0730
0.0465
00796
|13.3072

Ambient

Bioavailable ‘A\vlerage _
Conc. In Exposure
Plume Conc.

(mgh) | (mgn)

T 2.79E-05| 3.08E-07]
1.52E-05] 1.68E-07
3.61E-05] 3.99E-07

9.83E-08] _1.09E-09]

6.69E-09| 7.39E-11
2.75E-06| 3.04E-08
1.32E-07]  1.46E-09
3.38E-07| 3.74E-09
3.036-05| 3.35E-07
4.38E-07| 4.84E-09
2.61E-06| 2.88E-08
2.16E-06| 2.38E-08
5.31E-07| 5.87E-09
3.38E-07| 3.74E-09
5.80E-07| 6.41E-09|

ool

3.06E-06| __ 3.38E-08

Fish Tissue
Concentration

__(mglkg)

1.31E-04}
5.05E-06
1.05E-03
1.52E-09

3.18E-07
4.06E-07
3.04E-08
6.41E-08
7.10E-08
5.36E-06
1.74E-07
1.41E-06
1.12E-06
2.82E-08
1.87E-09
7.43E-07
1.59E-06|

Aluminum 601.9718 3.37E-02| 3.72E-04

Barium 0.0730 4.09E-06| 4.52E-08}

Iron 1018.4055 5.70E-02|- 6.30E-04|

Tin 0.9690 5.43E-05] 5.99E-07] .

Titanium 5.8074 3.25E-04| 3.59E-06
A-55
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Recreatidnal Finfish Health Risks - GOM

BAT Option 1

_ Pollutant ae

Fluorene
. "|Phenanthrene
-|Phenol

Cadmium
Mercury
Antimony
Arsenic
Berylium - -
Chromium
Copper
_|Lead
Nickel
{Selenium
Silver-
Thallium
Zinc

Barium

iron

Tin -
Titanium

{3.18E-07

Fish Tissue
Concentration
(nglkg)

5.05E-06

" |1.08E-03
152609

4.06E-07
3.04E-08
6.41E-08
7.10E-08
5.36E-06
1.74E-07

1.41E-06

1.12E-06
2.82E-08
1.87E-09

17.43E-07

15006

8.09E-10
6.05E-11
1.28E-10
* 1.41E-10
' 1.07E-08
3.47E-10
2.81E-09
2.23E-09
5.61E-11
3.72E-12
1.48E-09
3.16E-09

"1.71E-04

99th
99th Percentile
Percentile . Hazard
Intake Quotient
(mg/kg-day)| (mg/kg-day)
2.62E-07 .
1.00E-08 2.51E-07
. 2.09E-06 '
3.02E-12|

5.04E-12

2.70E-06
1.51E-07
4.25E-07

3.56E-06

1.11E-07
1.12E-08
7.44E-10
-1.85E-05
1.05E-08

0.00E+00

Lifetime Lifetime
Excess - | Excess
Cancer Cancer -
Risk Risk
{30 yr (70 yr

Exposure)| Exposure)

3.65E-11

8.51E-11

“A56
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'Recreational Finfish Tissue Poliutan‘t Concentrétions -GOM

BAT Option 2.

_ Pollutant Name

Naphthalene
Fluorene
Phenanthrene
Phenol
f'-'vvz_:o.,.;:;;,;ir‘iv,,-,qiés;u,z"
Cadmium
Mercury
- |Antimony
Arsenic
Berylium
Chromium
Copper
Lead
Nicke! -
Selenium
Sitver
Thallium
Zinc =~

B

Effluen_t
(mg/l)

0.2591
0.6145

10.0017 .

o
alil

0.0696
0.0063
0.3604

10.4489

0.0443
15.1752
1.1824
2.2194
0.8536

~ |o.0696
.{0.0443

Average Conc.
. | Of Pollutants in
Model SBF Well

Ambient -
Bioavailable
Conc. In
Plume

(ma/)

" 1.45E-05
3.44E-05

6.37E-09
2.62E-06
1.26E-07
3.22E-07
' 2.89E-05
4.17E-07
2.49E-06
2.06E-06
5.06E-07
3.22E-07

5.52E-07|

__2.91E-06

_9.36E-08]

Average

Exposure Fish Tissue
Conc. Concentration
(mgll)

2.94E-07|.
1.60E-07
3.80E-07|

JLOSE00L

7.04E-11
2.90E-08
1.39E-09
3.56E-09
3.19E-07
4.61E-09
2.75E-08
2.27E-08| -
5.59E-09
3.56E-09
6.10E-09
3,22E-08

(mglk _

1.25E-04
4.81E-06
-1.00E-03
_ 1.45E-09)]

3.03E-07
3.87E-07
2.90E-08| -
6.11E-08
6.76E-08
5.11E-06|-
1.66E-07
1.35E-06|
" 1,07E-06
2.68E-08
1.78E-09
7.08E-07
1.51E-06|

- A-57
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.| Aluminum 573.4885 3.21E-02 3.55E-04 8.20E-02
Barium 37179.1642 2.08E+00 2.30E-02 .
Iron 970.2178 5.43E-02 6.00E-04
Tin 0.9232 5.17E-05 5.71E-07
Titanium.- 5.5326 3.10E-04 3.42E-06|



Recreational Finfish Health Risks - GOM

BAT Option 2

Pollutént Name

AT IS RISt ER T I S

Naphthalene
Fluorene
Phenanthrene
Phenol

Cadmium
Mercury
{Antimony
Arsenic
Berylium
Chromium
Capper
Lead
Nickel.
Selenium
Silver
Thallium
{Zinc

1Aluminum
Barium
Iron

1Tin
Titanium

AR R

Fish Tissue

- | Concentration
(ma/ka)

151E-06

99th
Percentile-
Intake

(mglkg-day)

1.25E-04 2.49E-07
4.81E-06 - 9.57E-09
1.00E-03 1.99E-06
|1.45E-09 2.88E-12|
3.03E-07 6.03E-10
3.87E-07 7.71E-10
2.90E-08 5.77E-11
6.11E-08 1.22E-10
6.76E-08 1.35E-10
5.11E-06 1.02E-08
1.66E-07 3.30E-10
1.35E-06 - 2.68E-09
‘[1.07E-06 2.12E-09
2.68E-08 5.34E-11] .
- |1.78E-09 . 3.54E-12
7.08E-07 1.41E-09

3.01E-09|

99th
‘Percentile
Hazard
Quotient

(mg/kg-day) |

“1.25E-05
2.39E-07

__4.80E-12}

3.39E-06

" 1.06E-07
1.07E-08
7.08E-10
1.76E-05

0.00E+00

Exposure) |

6.03E-07

2.57E-06
1.44E-07|.
4.05E-07

R LO0E08

Lifetime Lifetime

Excess Excess
Cancer Cancer
Risk Risk
(30 yr (70 yr

‘ Exposure)

3.47E-11

A-58
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APPENDIX 5-3

COOK INLET, ALASKA
RECREATIONAL FISHERIES
HUMAN HEALTH RISK ANALYSIS -

A-59
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Recreational Finfish Health Risks - AK
Baseline (Zero Discharge)

.|Naphthalene
{Fluorene

.|Phenanthrene
Phenol

e
TR

Cadmium
Mercury
-|Antimony
Arsenic
Berylium
‘|Chromium
Copper

. ILead.
“|Nickel
Selenium
Silver
Thallium
Zinc

Barium
{tron
Tin

Pollutant Name .

(malkg) _

0.00E+00
0.00E+00
0.00E+00
[0.00E+00

0.00E+00
" |0.00E+00
0.00E+00
* |0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

| (mg/kg-day)
0.00E+00

‘0.00E+00;
0.00E+00] -

~ 0.00E+00
'0.00E+00

0.00E+00
0.00E+00
0.00E+00|

0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00|

~0.00E+00]

Lifetime
99th Excess
99th Percentile | Cancer
Fish Tissue | Percentile Hazard Risk
Concentration Intake Quotient (30 yr

Exposure)

0.00E+00
0.00E+00

0.00E+00

0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00|.
0.00E+00|

0.00E+00

0.00E+00

0.00E+00
0.00E+00
* 0.00E+00

Lifetime
Excess
Cancer
Risk
(70 yr
Exposure)

0.00E+00

‘| Titanium,
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- Recreational Finfish Tissue Pollutant Concentrations - AK

. Baseline {(Zero Discharge)

Pollutant Name
| - s ~’n-,;~'§'tu‘§ig::g’aé '

Naphthalene
Fluorene
Phenanthrene
Phenol

G
REAX|

Cadmium
Mercury
Antimony
Arsenic
Berylium
Chromium
Copper
Lead
Nickel
Selenium
Silver
Thallium

I

Aluminum

Barium

Iron

Tin
Titanium .

Average Conc.
| Of Pollutants
in Model SBF
Well Effluent

0.0000
0.0000
{0.0000

0.0000
0.0000
0.0000
0.0000
0.0000

‘|0.0000

0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000

0.0000

(mgfl)

- Ambient
Bioavailable
Conc.In -
Plume

(mgll)

0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

. 0.00E+00/
0.00E+00].

0.00E+00
0.00E+00
0.00E+00
0.00E+00
~0.00E+00

0.00E+00
0.00E+00
- 0.00E+00
0.00E+00

~0.00E+00]

Average
Exposure
Conc.

0.00E+00,
0.00E+00

0.00E+00
0.00E+00

~ 0.00E+00|-

0.00E+00
0.00E+00

0.00E+00.

0.00E+00

. 0.00E+00

0.00E+00
0.00E+00
0:00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

ll) s

0.00E+00|

Fish Tissue
Concentration
(mglkg)

- 0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
~ 0.00E+00
0.00E+00

" 0.00E+00
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Recréatiohal Finfish Tissue Pollutant Concentrations - AK '

- BAT Option 1

Naphthalene
Fluorene
_|Phenanthrene

Phenol

T R T T ERA T
Cadmium

Mercury

Antimony

Arsenic

Berylium -

Chromium

Copper

Lead -

Nickel

Selenium

Silver
Thallium
Zinc

PollutantName | _

Average Conc.

Of Pollutants
in Model SBF
. Well-Effluent

0.0066

10.3783

0.4712
0.0465
15.9289

11.2411

2.3296
0.8960
0.0730.
0.0465
0.0796

(mg/l)

Ambient
Bioavailable | Average

Conc.In | Exposure

Plume Conc.

5.12E-05| 1.70E-07| - 5.09E-06
121E-04| 4.03E07| 1.06E-03

3.30E-07| 1.10E-09 1.53E-09
1.51E-06| 5.01E-09 3.21E-07
225E-08| 7.46E-11|  4.10E-07
9.26E-06| 3.07E-08 3.07E-08
4.44E-07| 1.47E-09 6.47E-08
1.14E-06| 3.77E-09 7.16E-08
1.02E-04| 3.38E-07 5.41E-06| -
1.47E-06| 4.88E-09| - 1.76E-07
8.77E-06| 2.91E-08 1.43E-06 |
7.25E-06| 2.40E-08 1.13E-06
1.79E-06| 5.92E-09 2.84E-08
1.14E-06| 3.77E-09 1.89E-09
1.95E-06| 6.46E-09| . 7.50E-07
~ 1.03E-05| 3.41E-08| 1.60E-06

(mgll).

Lo
el

_(maf) |

‘Fish Tissue
Concentration
(mglkg)

Aluminum 601.9718 1.13E-01| 3.76E-04] . 8.68E-02
Barium 10.0730 1.37E-05| 4.56E-08
Iron 1018.4055 1.92E-01] 6.36E-04
Tin 0.9690 1.82E-04| 6.05E-07
Titanium 5.8074 = 1.09E-03| 3.63E-06
A-02
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Recreational Finfish Health Risks - AK
BAT Option 1

Lifetime | Lifetime

99th Excess Excess
99th Percentile | Cancer Cancer
Fish Tissue | Percentile Hazard Risk . Risk
Concentration Intake Quotient (30 yr (70 yr
Pollutant Name - (mglkg) (mg/kg-day) | (mg/kg-day) | Exposure) | Exposure)
T i : L RN
Naphthalene .. {1.33E-04 3.60E-07 1.80E-05] -
Fluorene 5.09E-06 1.38E-08 3.45E-07
Phenanthrene . 1.06E-03 . '2.87E-06

Phenol - 1.536-09 |  4.16E-12 6.93E-12
|Cadmium . 13.21E-07 8.70E-10 8.70E-07
Mercury _ 4.10E-07 1.11E-09 3.71E-06
Antimony 3.07E-08 -~ 8.33E-11 2.08E-07 ,
Arsenic 6.47E-08 1.76E-10]  5.85E-07| 5.02E-11| 1.17E-10
Berylium 7.16E-08 1.94E-10
Chromium 15.41E-06 - 1.47E-08 4.89E-06
Copper - J1.76E-07 4.77E-10
Lead : 1.43E-06 3.87E-09 :
Nickel 1.13E-06 3.07E-09 1.563E-07
- | Selenium ' 2.84E-08 - T.71E-11 1.54E-08
Silver . - ' 1.89E-09 - 5.11E-12 1.02E-09
Thallium 7.50E-07 2.03E-09 2.54E-05
i 1.60E-06 | 4.34E-09 1.45E-08
Aluminum : ' 2.35E-04
Barium . R ' 0.00E+00
Iron ; : :
Tin . :
1Titanium - ' - o
A-63
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Rec’reatioﬁal Finfish Tissue Pollvut

BAT Option 2

ant Concentrations - AK .

Pollutant Name

ey Sraibbel g -C{"\;Z'E'g:'q\?.\j;"'i.-::-.
Naphthalene

Fluorene

Phenanthrene

Phenol

Cadmium
“|Mercury
Antimony
Arsenic
Berylium
Chromium _
Copper -
Lead
Nickel
Selenium
. | Silver
Thallium

Average Conc.
Of Pollutants
in Model SBF
Well Effluent

(mgll)

0.2591
0.6145"

0.0063
0.3604
0.4489
0.0443
15.1752
11824
2.2194
0.8536
0.0696
0.0443

0.0759

2.6776

573.4885

Ambient
Bioavailable
Conc. In Plume

4.88E-05
1.16E-04

2.14E-08
8.82E-06
4.23E-07
"1.08E-06
9.71E-05
1.40E-06
8.36E-06
'6.91E-06
1.70E-06
1.08E-06
1.86E-06
9.79E-06

(mgh) - |

"~ 8.94E-05

3.15E-07]

1.44E-06]

Average

Exposure | Fish Tissue
Conc. | Concentration
(mgl) | (mglkg)
2.96E-07 1.26E-04
1.62E-07 4.85E-06
3.84E-07 1.01E-03

1.04E-09] __1.46E-09]

i
1

" 3.06E-07
7.10E-11 3.91E-07
2.92E-08 2.92E-08
1.40E-09| - 6.16E-08
3.59E-09| 6.82E-08
3.22E-07 5.15E-06
4.65E-09 1.87E-07
2.77E-08 1.36E-06
2.29E-08 1.08E-06
5.64E-09] 2.71E-08
3.59E-09 1.80E-09
6.16E-09 7.14E-07

-3.24E-08 1.52E-06

Aluminum : 8.40E-02{ 2.78E-04

|Barium 37179.1542 5.44E+00{ 1.80E-02

lron 970.2178 1.42E-01| 4.71E-04

Tin -10.9232 - 1.35E-04| 4.48E-07

Titanium 15.6326 8.10E-04| 2.69E-06
A-64
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Récfeational Finfish Health Risks - AK
BAT Option 2

Lifetime | Lifetime

99th Excess | Excess

99th Percentile | Cancer | Cancer
Fish Tissue | Percentile Hazard -Risk Risk
Concentration Intake Quotient (30 yr (70 yr

¥

Polluta‘nt Name mk) _ (mglky) (g_-day) Exposure) | Exposure)

R T AT

i 2R \'( e e Mo EIT U
Nap‘hthalene o 1.26E-04 3.43E-07| 1.71E-05
Fluorene 4.85E-06 1.32E-08 3.29E-07

Phenanthrene 1.01E-03 2.74E-06] ‘
Phenol ,146E-09 . 3.96E-12 .61-‘12'

§ s e ke 1
(J,'";‘\M ARV AT SN [_E

Cadmium . 3.06E-07 8.29E-10|  8.29E-07
Mercury 3.91E-07 1.06E-09 3.53E-06
Antimony 2.92E-08 7.93E-11 1.98E-07 :
Arsenic , 6.16E-08 .|  1.67E-10 5.576-07| 4.78E-11] 1.11E-10
Berylium ' : 6.82E-08 1.85E-10| _ '
~ |[Chromium - 5.15E-06 " 1.40E-08 4.66E-06
Copper , 1.67E-07 4.54E-10 o
|Lead _ 1.36E-06 3.68E-09
Nickel 1.08E-06 - 2.92E-09 1.46E-07
Selenium : 2.71E-08 7.35E-11 1.47E-08
- |Silver : 1.80E-09 4.87E-12 9.74E-10
| Thallium : 7.14E-07 1.94E-09 2.42E-05

1.52E-06 __4.14E-09] __1.38E-08|

Aluminum 1.74E-04 :

Barium ' : . © 0.00E+00)

Iron . : :

Tin
Titanium

A-65
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 APPENDIX 5-4

GULF OF MEXICO
COMMERCIAL FISHERIES
HUMAN HEALTH RISK ANALYSIS
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- Commercial Shrimp Health Risks - GOM
Shallow Water Development Model Well

Baseline

Poliutant Name

‘Naphthalene
Fluorene-

Phenanthrene
Phenol

| Cadmium
Mercury
JAntimony -

Arsenic .
Berylium
Chromium
Copper
Lead
Nicke!
Selenium
Silver
Thallium
Zinc_

Aluminum
Barium
fron

Tin
Titanium -

| (mlkg)

Chaaprnio T i

1.62E-06 |

11.49E-04 |

[1.05E+00 | 1.25E-05|

Shrimp |

99th
Tissue | Percentile
Conc. intake

(mgl/kg-day)

| 1.16E-08

1.93E-05 2.29E-10
1.11E-03 1.32E-08

- 1.92E-11]

3.82E-05 | 4.53E-10
2.86E-06 "3.39E-11
6.02E-06 7.14E-11
6.67E-06 7.90E-11
5.03E-04 | 5.97E-08
1.64E-05 1.94E-10
1.33E-04 . 1.67E-09
1.05E-04 1.25E-09
2.65E-06 3.14E-11
1.75E-07 "2.08E:12
6.98E-05 8.27E-101.

. 7E'09

99th
Percentile
Hazard
Quotient
(mg/kg-day)

"~ 5.72E-09

1.51E-06
' 8.47E-08
2.38E-07

1.99E-06

6.24E-08
6.28E-09
4.16E-10
1.03E-05
5.89E-09

3.20E-11]

Lifetime
Excess
‘Cancer
" Risk
(30 yr

|Exposure)

= ,v:.u O e S L T PR s

2.04E-11

Eps_ure

Lifetime

Excess

Cancer
Risk
(70 yr

4.76E-11

A-67
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Commercial Shrimp Tissue Pollutant Concentrations - GOM
Shallow Water Development Model Well

Baseline

Pollutant Name
2t

. |Naphthalene
Fluorene
Phenanthrene
Phenol

Mercury
Antimony
Arsenic
Berylium
Chromium
Copper
Lead
Nickel
Selenium
Silver
Thallium
Zinc

4.28E+06

Annual-
Pollutant
Loadings

(mg) per SWD
Model SBF
Well

160E+05 |

8.74E+04
2.07E+05

|5.64E-+02

2.13E+03
1.22E+05
1.51E+05
1.49E+04
5.12E+06
3.99E+05
7.49E+05
2.88E+05
2.35E+04
1,49E+04
2.56E+04

Pollutant
Sediment
Concentration

(mg polllkg sed)|

1.32E-03
3.12E-03

3.21E-05
1.83E-03
2.28E-03
2.25E-04
7.70E-02
6.00E-03
1.13E-02

~ 3.53E-04
2.25E-04

Estimated
Pore Water

(mg/l)

2.10E-04
- 5.85E-05
3.85E-05
_1.05E-04

.8.49E-06

" 2.46E-04

4.33E-03| . 2.03E-04|

3.85E-04|
6.432.02]

Conc.

" 4.24E-05]

6.31E-07
2.60E-04
1.24E-05
3.19E-05
2.86E-03
4.13E-05

5.01E-05
3.19E-05

5.47E-05|
2.88E-04

"~ 1.05E-04

- 1.75E-07

Shrimp
Tissue
Conc. -

1.93E-05
111E-03]
1.62E-06]

2,99E-05
3.82E-05
2.86E-06
6.02E-06
6.67E-06
5.03E-04|
1.64E-056
1.33E-04

2.65E-06

6.98E-05
1.49E-04

)

1.05E+00
Barium 1.25E+10 1.89E+02| 4.33E-01] :
|tron 3.27E+08 4.92E+00| - 6.99E-01
Tin. 3.11E+05 4.69E-03| 6.65E-04
Titanium - 1.87E+06 2.81E-02| . 3.99E-03
A-68
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_Commercial Shrimp Tissue Poliutant Concentrations - GOM
Shallow Water Development Model Well

BAT Option 1

Polluant Nam

ey g

[Naphthalene
" |Fluorene
Phenanthrene

Phenol

" 1Cadmium
Mercury
Antimony
Arsenic
Berylium
Chromium -
Copper
Lead
Nickel
Selenium
Silver
Thallium
Zinc
it

11.91E+02

Annual
Pollutant
Loadings

(mg) per SWD
Model SBF
Well

|2.96E+04

7.02E+04

7.22E+02
4.11E+04

|5:12E+04
5.05E+03

1.73E+06
1.35E+05.
2.53E+05
9.74E+04
7.94E+03
5.06E+03
8.66E+03

|1.45E+06 |

Pollutant
_.Sediment
Concentration
(mg poli/kg-
sed) -

" 8.16E-04|

Estimated
Pore Water
Conc.

(mg/kg)

4.45E-04| 1.98E-05
1.06E-03| 1.30E-05

2.87E-06|

1.09E-05|  2.14E-07
6.19E-04| 8.79E-05
7.71E-04| 4.21E-06
7.60E-05|  1.08E-05
2.61E-02| 9.68E-04|
'2.03E-03| 1.40E-05
3.81E-03|  8.33E-05
1.47E-03|  6.89E-05
1.19E-04|  1.70E-05
7.60E-05|  1.08E-05

' 1.30E-04| 1.85E-05

_ 2.18E-02

" 0.85E-01

9.75E-05

__(mglkg)

3.56E-05)

Shrimp
Tissue
Conc.

-3.33E-04
6.53E-06
3.77E-04
5.48E-07

1.01E-05
1,29E-05
9.67E-07
2.04E-06
2.26E-06
1.70E-04
5.53E-06
4.49E-05|
3.56E-05
8.96E-07
5.94E-08
2.36E-05
5.04E-05(

-3.55E-01

EPA COOK_INKPR 005865

Aluminum

Barium 4.24E+09 6.39E+01 1.46E-01

Iron - |1.11E+08 1.67E+00| 2.37E-01}

Tin 11.06E+05 1.69E-03| 2.25E-04]

Titanium 6.32E+05 9.50E-03 1.35E-03| - -
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Commercial Shrimp Tissue Poliutant Concentrations - GOM
- Shallow Water Development Model Well

BAT Option 1

Pollutant Name
Naphthalene
Fluorene

i Tgseling

Phenanthrene
Phenol - .

Cadmium
Mercury
Antimony
Arsenic
Berylium
Chromium
Copper
Lead
Nickel
Selenium -
Silver
Thallium

Barium
fron

Tin
Titanium

Tissue
Conc.

(mg/kg)

6.53E-06
3.77E-04

|5.48E-07 |

1.29E-05

19.67E-07

2.04E-06

4.49E-05

8.96E-07
5.94E-08
2.36E-05.

Shrimp

| (mg/kg-day)

333E-04 |

2.26E-06
. [1.70E-04
5.53E-06 -

3.56E-05

5.04E-05

3.55E-01 -

99th
Percentile
~ Intake

1.12E-10
6.48E-09

2.22E-10
1.66E-11
3.51E-11|
3.88E-11

2.93E-09
9.52E-11
7.72E-10
6.12E-10
1.54E-11
1.02E-12
4.06E-10
8.67E-10

| (mg/kg-day)

9.42E-12|

99th
Percentile
- Hazard
Quotient

2.81E-09

* 7.41E-07
-4.16E-08
1A7E-07

9.77E-07

3.06E-08
3.08E-09
2.04E-10
5.08E-06
* 2.89E-09

0.00E+00

Exposure)

1.57E-11]

Lifetime

Excess

Cancer
Risk
(30 yr

2.86E-07|

1.00E-11

Exposure)

Lifetime
Excess
Cancer
~ Risk

(70 yr.

A-70
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Commercial Shrlmp Tissue Pollutant Concentrations - GOM
Shallow Water Development Model Well

- BAT Option 2

Naphthalene

Fluorene

.. |Phenanthrene
- {Phenol

Cadmium
Mercury
Antimony
Arsenic
Berylium
Chromium
Copper .
Lead
Nickel.
Selenium
Silver
Thallium
Zinc

Plutn Name

Annual Pollutant
Loadings (mg)
per SWD Model

SBF Well

2.72E+04

6.45E+04|

76E+02

7.30E+03
6.64E+02
3.78E+04
4.71E+04
4.65E+03
1.59E+06
1.24E+05
2.33E+05
8:96E+04
7.30E+03
4.65E+03
7.96E+03

 (mg pollkg sed)

_1.33E+06)

Pottutant
Sediment
Concentration

4.09E-04
9.71E-04

2.64E-06|

1.10E-04
9.98E-06
5.69E-04
" 7.09E-04
6.99E-05
2.40E-02
1.87E-03
3.50E-03
1.35E-03
1.10E-04
6.99E-05
1.20E-04

7.50E-04

2.00E-02

Estimated
Pore Water
Conc.

(mglg)

6.52E-05
1.82E-05
1.20E-05
3.27E-05

1.32E-05
1.96E-07
8.08E-05
3.87E-06
9.92E-06
© 8.90E-04
1.28E-05
7.66E-05
6.33E-05
1.56E-05
'9.92E-06
1.70E-05
8.97E-05

Shrimp
Tissue
Conc.

3.06E-04
6.01E-06
3.47E-04
5.04E-07|

29E-06
1.19E-05
8.89E-07
1.87E-06
2.07E-06
1.57E-04
5.09E-06
4.13E-05
3.27E-05
8.23E-07
5.46E-08
2.17E-05
4.64E-05

st et B e e it i b it B .'L..l RO
Aluminum 6.02E+07 9.06E-01 1 29E 01 3.27E-01
Barium 3.90E+09 5.87E+01 1.35E-01
{iron - 1.02E+08 1.53E+00 2.18E-01
Tin 9.69E+04 1.46E-03| 2.07E-04|
Titanium 5.81E+05 8.74E-03] 1.24E-03
A-T1
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Commercial Shrimp Tissue Pollutant Concentrations - GOM
Shallow Water Development Model Well

BAT Option 2

Pollutnt Name

Ev e Diof

eI

Fluorene
Phenanthrene
henol

o

Mercury
Antimony
Arsenic
‘IBerylium
Chromium
Copper
Lead
Nickel
Selenium
Silver
Thallium
Zinc _
e MR O
Aluminum .
Barium

fron

Tin

Titanium .

SEEGH e

|5.04E-07

|8.89E-07
11.87E-06

4.64E-05

99th
Shrimp 99th Percentile
Tissue Percentile Hazard
Conc. _ Intake .Quotient
(mg/kg) | (mglkg-day) | (mg/kg-day)

6.01E-06
3.47E-04

1.19E-05

2.07E-06
1.57E-04
5.09E-06
4.13E-05
3.27E-05
8.23E-07
5.46E-08
2.17E-05

5.26E-09
1.03E-10
5.96E-09
8.67E-12

1.60E-10]

2.58E-09

0.00E+00

1.44E-11)

2.04E-10|  6.81E-07
153E-11]  3.82E-08
3.22E-11|  1.07E-07
3.57E-11 |
2.69E-09|  8.98E-07
8.75E-11 :
7.10E-10 y
5.63E-10|  2.81E-08
142E-11|  2.83E-09
9.39E-13|  1.88E:10
3.73E-10|  4.67E-06| -
7.97E-10|  2.66E-09

Lifetime
Excess Excess
- Cancer Cancer
Risk Risk
(30 yr (70 yr
Exposure) | Exposure)

Lifetime

9.21E-12

2.15E-11

A-72
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Commercial Shrimp Tissue Poliutant Concentrations - GOM
Shallow Water Exploratory Model Well

Baseline

Poliutant Name

Fluorene
Phenanthrene
Phenl

Cadmium
Mercury
Antimony
_{Arsenic
Berylium
Chromium
Copper
Lead
Nickel
Selenium
Silver

Thallium

Annual
Pollutant
Loadings (mg)
per SWE
Model SBF
Well

1.83E+05
4 34E+05

1.18E+03|-

4.92E+04]

4.47E+03
2.55E+05
3.17E+05
3.13E+04
1.07E+07
8.36E+05

1.57E+06{ .

6.03E+05
" 4.92E+04
3.13E+04
5.36E+04

__8.96E+06]

"Pollutant
Sediment
Concentration

| (mg poll/kg sed)

2.76E-03
6.54E-03

1.78E-05]

6.73E-05

3.83E-03}

4.77E-03
-4.71E-04
1.61E-01
1.26E-02
2.36E-02
9.08E-03
7.40E-04
4.71E-04
8.07E-04
1.35E-01

Estimated
Pore Water
Conc.

(mg/l)

1.23E-04
8.07E-05

2.20E-04]

1.32E-06
5.44E-04
2.61E-05
6.68E-05
5.99E-03
8.65E-05
5.16E-04
4.26E-04
-1.05E-04
6.68E-05
1.15E-04

G O.04E0d L

_{malkg)

__3.12E-04

Shrimp
Tissue
Conc.

2.06E-03
4.04E-05
2.33E-03
3.39E-06|

6.26E-05
8.00E-05
5.99E-06 |
1.26E-05
1.40E-05
'~ 1.06E-03

3.43E-05
2.78E-04
2.20E-04
5.55E-06
3.68E-07
1.46E-04

4
sl

2.20E+0
Barium 2.63E+10 . 3.95E+02|  9.07E-0f1
Iron_ . 6.86E+08] 1.03E+01|  1.47E+00
Tin . 6.53E+05 9.82E-03|  1.39E-03
Titanium 3.91E+06 5.88E-02|  8.36E-03
A-73
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Commercial Shrimp Health Risks - GOM
Shallow Water Exploratory Mode!l Well
" Baseline :

Lifetime Lifetime

: 99th | Excess | 'Excess
Shrimp 99th Percentile | Cancer: Cancer
Tissue | Percentile Hazard Risk - Risk
Conc. Intake Quotient (30 yr (70 yr -

' ‘ (mg/kg) (mglkg-day) (mglk-day) xposre) Expsre

|206E-03 | 1.37E-08] 6.84E-07]

. |Fluorene : 4.04E-05 2.69E-10 6.72E-09
Phenanthrene 2.33E-03 1.55E-08|

Phenol - |3.39 2.25E-11]  3.76E-11

-[cadmium 26E-05 £-10]  4.16E-07

Mercury ' -18.00E-05 5.32E-10 1.77€-06
- jAntimony ~ |5.99E-06 | 3.98E-11 9.95E-08 '
Arsenic : - 11.26E-05 8.39E-11 2.80E-07| 2.40E-11|  5.59E-11
Berylium . 1.40E-05 9.20E-11 ' : '
Chromium '|1.06E-03  7.01E-09]  2.34E-06
Copper . ) 3.43E-05 2.28E-10
Lead : 2.78E-04 1.85E-09 :
Nickel _ 2.20E-04 1.47E-09 7.33E-08
Selenium ' _ 5.55E-06 3.69E-11 7.37E-09
Silver - 3.68E-07 2.44E-12 4.89E-10

Thallium 1.46E-04 | 9.72E-10 1.21E-05
|Zinc . 3.12E-04 |  2.08E-09]  6.92E-09|
Aluminum 2.20E+00|  1.46E-05 :

Barium B ' - . 0.00E+00
Iron ' N
Tin

- |Titanium

A-74

EPA COOK_INKPR 005870



_ Commercial Shrimp Tissue Pollutant Concentrations - GOM
Shallow Water Exploratory Model Well

BAT Option 1

'Polluta.nt Name
Naphthalene
Fiuorene
Phenanthrene
Phenol
EEb oy I

|Cadmium
Mercury
Antimony
Arsenic
Berylium
Chromium
Copper
Lead
Nickel
Selenium
Silver
Thallium

4.00E+02

|3.03E+06

Annual
Pollutant

" Loadings .

(mg) per
SWE Model
SBF Well

[1.14E+05 |

6.20E+04
1.47E+05

1.51E+03
8.62E+04
1.07E+05
1.06E+04
3.63E+06
2.83E+05
5.31E+05

-|2.04E+05

1.66E+04
1.08E+04
1.82E+04

Pollutant
"Sediment
Concentration

(mg pollkg sed) |

9.32E-04
2.21E-03

2.28E-05
1.30E-03
1.62E-03
1.59E-04
5.46E-02
4.26E-03
7.99E-03

3.07E-Q3|-

2.50E-04

1.69E-04|

2.73E-04

56E-02]

6.02E-06 ;

Estimated
Pore Water
Conc

‘ mglk

4.15E-05
'2.73E-05

4.47E-07/
1.84E-04
8.82E-06

2.26E-05

2.03E-03
2.93E-05
1.74E-04
1.44E-04

3.55E-05]

2.26E-05
3.88E-05

| (mglka)

L L40E000

ZO0E 0%

Shrimp
Tissue
Conc.

6.97E-04|

1.37E-05
7.90E-04
1.15E-06

2.12E-05
2.71E-05
2.03E-06
4.2TE-06
4.73E-06
3.57E-04
1.16E-05
9.41E-05
7.46E-05
1.88E-06
1.24E-07
4.95E-05
1.05E-02]

A-75

1.37E+08 - 2.06E+00( 2.93E-01} 7.40E+01
Barium - - 8.89E+09 - 1.34E+02{ 3.07E-01
Iron’ 2.32E+08 3.49E+00 4.96E-01
|Tin 2.21E+05 3.32E-03 - 4.72E-04
Titanium. 1.32E+06 + 1.99E-02 2.83E-03
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Commercial Shrimp Health Risks - GOM
Shaliow Water Exploratory Model Weli
BAT Option 1 '

Lifetime Lifetime

99th Excess Excess
‘Shrimp " 99th Percentile | Cancer Cancer
‘Tissue | Percentile | = Hazard Risk | Risk
: Conc. Intake Quotient (30 yr - (70 yr
Pollutant Name " | (mg/kg) |(mgl/kg-day) | (mg/kg-day) | Exposure) |Exposure)
Naphthalene ’ 6.97E-04 6.73E-09] 3.36E-07 '
Fluorene . ’ 1.37E-05 1.32E-10 3.30E-09

"|Phenanthrene .| 7.90E-04 7.63E-09
. | .15E-0 1 11E-11]

1.85E-11

|Ccadmium ~ | 212E-05]  2.04E-10] - 2.04E-07

Mercury : . 2.71E-05|  261E-10| . 8.71E-07

Antimony . 2.03E-06| . 1.96E-11 4.89E-08 .
Arsenic S | 427E-06]  4.12E-11 1.37E-07| 1.18E-11| 2.75E-11
Berylium : ' 4.73E-06]  4.57E-11 : o
Chromium . . 3.57E-04|  3.45E-09 1.15E-06 |

Copper - | 1.18E-05]  1.12E-10 ,

Lead . 9.41E-05|  9.08E-10 ,

Nickel . | 7.46E-05|  7.20E-10 3.60E-08

Selenium 1.88E-06| 1.81E-11|  3.63E-09

Siver . 1.24E-07| 1.20E-12| - 2.40E-10

Thallium , | 4.95E-05|  4.78E-10| © . 5.97E-06

3.38E-07

Zinc | 1.05E-02]

~ 1.01E-07|_
“{Aluminum : ‘ | 7.40E+01 7.14E-04] -
Barium “ o : e '
Iron- . T e
Tin. P
Titanium

0.00E+00]

- A-76 -
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Commercial Shrimp Tissue Pollutant Concentrations - GOM
- Shallow Water Exploratory Model Well

BAT Option 2

Pollutant Name

Naphthalene
Fluorene -
Phenanthrene
Phenol

JCadmium
Mercury
Antimony
-|Arsenic:
Berylium
“|Chromium
Copper
Lead
Nickel
{Selenium
Silver
Thallium
Zinc

Annual
Pollutant

" |'Loadings (mg)

per SWE
Model SBF
Well

5.70E+04
1.35E+05

_3.68E+02}

1.39E+03| -

7.93E+04
9.87E+04

9.74E+03,

3.34E+06
2.60E+05

. 4.88E+05
1.88E+05
1.53E+04
9.74E+03
“1.67E+04
~2.79E+06

" 1.26E+08

Pollutant
Sediment
Concentration

(mg poli/kg sed)|

2.09E-05
1.19E-03

1.49E-03
1.46E-04
5.02E-02

3.91E-03

7.34E-03|

2.82E-03
2.30E-04
1.46E-04

2.51E-04

_ 4.20E-02

" 1.90E+00

1.57E-03|

8.57E-04 |
2.03E-03
5.53E-06

Estimated
Pore Water
Conc.
(mg/kg)

'3.81E-05
2.51E-05

6.85E-05|

2.77E-0

4.11E-07
1.69E-04
8.11E-06

2.08E-05| -

1.86E-03
2.69E-05
1.60E-04
1.33E-04

3.27E-05]

2.08E-05
3.57E-05
1.88E-04

" 2.69E-01

“Shrimp

|_(mglkg)

. 7.26E-04

| 2.49E-05

Tissue
Conc.

6.40E-04]
1.26E-05

1.06E-06|

1.86E-06
3.93E-06
4.35E-06
3.28E-04
1.07E-05
8.65E-05
6.86E-05
1.73E-06
1.14E-07

Barium - 8.18E+09]' 1.23E+02|  2.82E-01| - -
iron’ 2.13E+08|-  3.21E+00|  4.56E-01|
Tin 2,03E+05 3.05E-03|  4.34E-04
Titanium 1.22E+06 1.83E-02| - 2.60E-03
“/
A-TT
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Commercial Shrimp Health Risks - GOM
Shallow Water Exploratory Model Weli

BAT Option 2

Pollutant Name‘
Naphthalene
Fluorene
Phenanthrene
Phenol -

()
U TATE T

Cadmium
Mercury
Antimony
Arsenic
Berylium
Chromium
Copper
Lead

Nickel
-1Selenium
Silver -
Thallium
Zinc

Aluminum -
Barium

ron -

Tin
Titanium®

Shrimb
" Tissue
Conc.

1.26E-05
7.26E-04

1 .06E-06

2.49E-05

1.86E-06

- 13.93E-06

4.35E-06
3.28E-04
1.07E-05

|8.65E-05

6.86E-05
1.73E-06
1.14E-07
4.55E-05

J9.T1E-05 |

|6.40E-04 |

| (mg/kg-day)

99th

Percentile

Intake

6.19E-09
1.21E-10
7.01E-09

~1.02E-11

1.88E-10
2.40E-10
1.80E-11
3.79E-11
4.20E-11
3.17E-09
1.03E-10
8.35E-10
6.62E-10
1.67E-11
1.10E-12
4.39E-10

99th

"Percentile
Hazard

Quotient

| (mgkg-day)

3.04E-09

70E-11

1.06E-06

3.31E-08
3.33E-09
2.21E-10
5.49E-06
. 3.13E-09

0.00E+00

1.88E-07

8.01E-07

4.50E-08
~ 1.26E-07

Lifetime

Lifetime

Excess Excess

Cancer Cancer’
Risk Risk
(30 yr (70 yr

Exposure) Exposu) ‘ ‘

1.08E-11| 2.53E-11{

A8
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